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ABSTRACT 



The functions, equipment, furnishings, and design 
spaces for physics teaching in lower and higher secondary schools are 
described. The following requirements for physics laboratories are 
discussed — (1) i, -vable furniture, (2) group facilities, (3) visual 
display areas, and (4) benches and work surfaces. Floor plans, 
photographs, and diagrams are included. (iG) 
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PREFACE 



Great changes are currently taking place in the. teaching of 
science to seccndnry school children. The emphasis is moving^ from 
teacher-centric activity involving student verification of princi- 
ples explained in lectures, to pupil-cerxtric work in which, through 
guided experiments, the children endeavour to find out for them- 
selves and in their own way the principles or laws relating to the 
particular topic they are sttidying. Demonstration /oZ-Zowe, rather 
than preoedec , experiment fil work and ad hoc group discussion re- 
places formal lecturing. Every science lesson now needs to he 
held in the laboratory, for in one period the activity may change 
from student experiment, to discussion, to teacher demonstration, 
back to experiment and finally, recapitulation, perhaps by film- 
strip or brief talk. 

These changes will inevitably be reflected in the nattire of 
the building accommodation and furniture that is provided for the 
new science teaching. It is important, for example, that new lab- 
oratories be designed not only to house labcratoiy benches but also 
to provide space for discussions; initiatives that are encouraged 
in the student by the new teaching methods demand movable rather 
than fixed furniture; facilities are required for group project 
work and the need for display and visual aid areas is much greater 
than was the case in the past. 



This publication endeavours to provide information on the 
functions, furnishing and design of spaces for physics teaching 
in lower and higher secondary schools. It has been framed in^a 
regional context with physics sy3.1abuses of the Asian Region in 
mind but variations to the suggestions made will sometimes be 
necessary depending on local conditions,^ For example, the furni- 
ture shewn is intended for construction in timber because it is 
the most readily obtainable and cheapest material available in 
most countries of the Region. Some States in which steel is 
cheap, may prefer to use light sections. Apart from considera- 
tions such as these, the general principles outlined by the ^ 
Consultant Educationist who has participated in the preparation 
of this document will be found valid in all countries. 

The study has been approached in four stages . ^ In the first 
stage the situation as it affects physics teaching in the Region 
was studied together with aizes of teaching groups and age ranges 
of second level children in the countries of the Region. The 
changes in teaching method that ore taking place in the Asian 
Region in the field of Physics were identified. Standards of 
accomodation, where they exist, were examined. 

■ The first stage was followed by a systematic study of 
activities in the physics laboratory made by the Arc hi cect in 
collaboration with the Consultant, a specialist in uhis field, who 
outlined the various teaching requirements, the material to be 
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wild th'H iiciachiiifi; ni»s'&hod ourrer.t-ly tts-kiiiu pl&ce* 

Froit thl^*? sliAy? v’iTrm.tt?re ’./su-s 6ci\*elop^ end a prototype of a 
mo7r;.ble »t4:ideiit berob p.^oducfid in the- Xnatitutff^e vrork$liop* 
Finallj^o thi* r^pitco ‘’equlrsd Xu tbe lnbora.‘tory vag quantified. 

The or? .liiooratory !La/o?tte fiV<#jswn at th‘«^ end of this 

paper wri? ori equally pi (,diun<: as? laodeli. before reduction to the 
two ciimcnslonal fom» 



T);‘,s backi^toun J the production of thic? paper is the urgent 
nood for a rof.dy reforenoe to the dej^ign of physics laboratories 
in the Ar.is.ri Kopies. In f oma cotintriea where architoctuial seiv 
7ic5s ax*e a'va.lj.J^blo ‘the situation is difficulty for not only 
ie it impospible for Jihose responsible for design to translate 
educatioi-iil requireireuts into ueafuJ and oconoroical buildling 
a^icoyranodation, b%\t /also trequontlj* thtjj' do not rselis© the need 
fo 2 * ti\c dialojjuc 1>GWeen the educator axid the deei^ier that ie 
an ueiaentiaX prerequisite iio ,>ood ••■chool buildiitg* 

Even whore an architect* f ‘jervicas a:re awilabio, then there 
Is often ineuffioietit tlffia for th? protracted discussions with 
phJ^<Jic.s epeciaUsts that are vital to lfiborato:?'y design. Thin 
paper itay assist in providing soo© usofial backgi'ound ipaterial, in 
this con’co:tt. 



- 3 . 



C0I9TENTS 






Prefaee x 
Cantente 3 
List of Hguree 4 
Idet of TabZee 5 
List of Plates $ 
Siomariee in English and Fvenah S S S 

CHAPTER 1 - MOTIVES IN THE DESIGN OP PHYSICS LABORATORIES 7 



1.01 Introduotion 7 

1.02 The main purpose of teaching Physios 8 

1.03 The teaching methods used in Physics . 9 

1.04 MoHces in design 12 

CHAPTER 2 • THE EHVIRONMEHT IH THE LABORATORY 

‘ “ ' ' ' 19 

2.01 General 13 

2.02 Children's body sises 13 

2.03 Standing and sitting 14 

2.04 Seats is 

2 . 0 s Storage le 

2.06 Spaces Hn between" 17 

2.07 Illmination in Physics and General Science 

Idboratoriee 18 

2.08 Thermal comfort in Physics laboratories 21 

CHAPTER 3 - PURSITURE IK THE PHYSICS LABORATORY 24 



3.01 General 24 

3.02 Pacilities required in the Physics laboratory 24 

3.03 The laboratory 25 

3.04 The student wotk-tqble 27 

3.05 Wall^ fixed work-tables 31 

3.06 Fixed work-table storage units 32 

3.07 Store acoese unit 32 

3.08 Project work-table 33 

3.09 Utility table 34 

3.10 Ancillary furniture 34 

3.11 Teacher ^s demonstratim bench 37 

CHAPTER 4 - THE OESIGH OP PHYSICS LABORATORim 39 

4.01 The design problem 39 

4.02 The solution 40 

CHAPTER 5 - THE PHYSICS LABORATORY SimS 69 

5.01 General 69 

5.02 The nature of the items to be stored 69 

5.03 Furniture in the store 70 

APPEHDICES 73 

BIBUOGRAPHY 89 



97 



IHDEX 



mm ^ 



XJ^T OF FIGUR ES 

2 * Loeatii>n of working su't>fac& 

U, Standing and sitting at vha working surface 
3» Zone of conoeniefitie for storage 

4, Spaces between benches 

5, JlUminaHon by daylight in labcratoHee in differing eroae-eeation 

6, Orientation of the laboratory 

7, Arrangement of furniture for good cross ventilation 
8a Grouping of students in the Physics laboratory 

9, A typical Physics easperiment occupying the full bench length 
10* The working surface for a movable student *s bench 

12. Pull-out writing surfaces 

22, Cramping to the working surf 'fee 

13. Accumulator storage ehelf 

14. Continuous work-table fiwed to wall 
13. Storage at the wall-fixed work-table 

16. Store access hatoh 

17. Project work-table 

18. Students* hook and bag storage unit 

19. Book md periodical shelving 

80. Chart cabinet 

81. Teacher^ e demonstration bench 

28. 40-place laboiSitory for hot, humid areas 

83. Arrtxngements of movedblc furniture in the 40-place laboratory 

24. View of 40-place taberatorif for hot, humid areas 

S3. 40-place laboratory on one side of a double-banked corridor 

26. Arrangements of movable furniture in the 40-place ludeoratory 

27. View of 40-plaoe laboratory on one side of a double-banked corridor 
SB, 20-plaoe laboratory on one side of a double-hanked corridor 

29. Arrangements of movable furniture in a SO-plaes laboratory 

30. View of 80-place laboratory on one side of a double-banked corridor 

31. 80-place Icboratcry for hot, humid areas 

*^S. Arrangements of movable fUmiture in a SO-place laboratory 
33. View of a 80-place laboratory for hot, humid areas 



• 5 



LIST OP T.IBISS 



is^ 



X Mem stealing heights of Asian eeoondary 

. school children 19 

II Minimum -recfuirement illmination level 

in different countries 19 

III Fcbcilities required in the Physios 

laboratory 23 



LIST OP PLATES 



Faoim Page 



1, VietJ of prototype physics table for 4 places 31 

2, Prototype movable physics table for 4 places 31 



A 

SUMMARY 



There is a change in emphasis in the new physics teaching 
methods in the Asian Region from teacher-centric to pupil-centric 
teaching. Future laboratories will need to be designed to provide 
facilities for student experiments, discussion, demonstrations, 
students* project’ work and greater use of visual aid materials. 

This involves bringing the classroom into the laboratory and aban- 
doning the separate physics lecture rooms; it requires easily movable 
student work benches at which the children, throu^ guided experi- 
ments can find out for themselves and in their own way, the 
principles relating to the particular topics they are studying. 

These principles ha*^e led to the design of essential furni- 
ture to facilitate the practice of modem teaching methods in an 
environment which ensures reasonable illumination and thermal 
comfort for the children. Emphasis is given to the correct 
sizing of furniture in relation to body sizes of Asian secondary 
school children. 

Designs suitable for tise in either hot-humid or hot-dry (or 
cold) climtes are given for laboratories for teaching groups of 
20 and Uo children. 

It is concluded that the per plsee requirements for larger 
laboratories are between 3*^ and 3.om^ ^ for smaller laboratories 
of 20 places, U.3m^. These areas include storage space, project 
space and dark room. This is a more economical use of space than 
is presently the ease in some Asian countries in which the laboratory 
is used together with a lecture room, the combined areas of which 
may exceed 5m? per place. 
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t'ans les x-%ion£». fi’Asif? uix ehaugement d* accent s*e»t 
effect uC‘ pr 0T)09 de nrravelief;^ methodes adopt 4c s pour I’enseig- 

neraeut de la phyjdqve, r.*£iGceat oui itoit &vv l*enseign«aent d 
la methode “teocner'-centric*' (c*ec'i-d-dire iVinstituteur eet le 
centre de la classe) est maintcnant sur l*en' 3 eignement "pupil- . 
centric" (c* 'eat's^-dire lea elSves sont le centre de la classe). 

A l*avenir, il sera r.^cessaire de dsssiiier lea laboratoires de 
meniCre que Xes eieves puissent faire des experiences, avoir des 
discussions et des demonstrations. En mane tamps les labora- 
toires doivent 6 tre pourvus de facilit^s pour le travail de pro- 
jet des Slaves et de facilit^s pour 1 ’usage d*aide vieuQl* Ceci 
entz*ai*nera moyeas I’abandorneraent des salles d* Etudes s^par^es. 

En fait, il faudxa ’epporter" la salle d’ Etudes au laboratoire 
ee qui exige de ; tables d* experimentation portatives o^ les 
Aleves puissent f des experiences et d4cou’/rir individuelle- 
ment les principe.^ en rapport au sujet qu’ils sont en train 
d’4tudii^e^ 

Pour cette raison il fLut doosinej: le!;i meubles qui facili- 
"tent 1 * application ds methodcs d‘ensei^>;nenicnt nouvelles dans un^ 
environ d’ Illuminati on euffisante mi garantit confort themi- 
que aux enfants* L’ accent est :?.is sex ime construction bien 
ajust^e d la taille des 4ldves d*4colcs necondaires d’Asie* 

Ci- joint vous trouveroz irs dessin® de labor atoirea pour 
I*enseign«aent de 20 et 4C 4ldves* 11s sont adapt^s ^1® con- 
struction dans les deux climiitc, soit chaud-humide , aoit ebaud- 
see (ou fi'oid). 

En conclusion il faiib rappeler que la place nleessaire par 
6 ldve est de 3 .Um^ ^ 3 * 801 ^ s’il s'agit dc grandes laboratoires* 
Une surface de ««t niccessaire ai le laboratoire est con- 

struit pour accooanoder 20 ^l^ves. Ceci cemprend la place de 
rangement, la cheunbre noire et la place de pro jets. Ce genre 
d 'utilisation de I'espaee A disposition est plus 6 conoaique que 
celui en usage el prisent dans quelques pays d'Asie oil le labora- 
toire et la salle d'^udes sont construits a4par4ment. Dans ce 
cas la surface conbin^e du*.^ laboratoire et de la salle d* Etudes 
pent surpasser pns 4lSve. 
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GHAPXSE 1 
P^SICa LABOHATGRY DESIGN 



1.01 InfagPdttctloc^ 

This paper Is the result of a stodlsr isade in order to be able 
to suggest a suitable enTironaeat for the teaching of physics in 
secondary schools in the Asian Begion* There are, of course, con- 
siderable difficulties inherent in attempting thist concepts of a 
suitable laboratos^ will change with tine; differ!]^ points of 
siew aay lead to differing eonc^ts of what is or is not suitable, 
it is in auy case aloost ij^ssiblo to provide one solution to 
such a many faceted problem* 

Whatever the solutions that are finally developed, it is first 
necessary to define the design probl^ and identify the needs to 
iMch the design solutions must respond* Basically the laboratory 
will ha'se to provide good conditions for both teaohii^ and learn- 
ing* Good teaching encourages a ready understanding not only of 
the cono^ts of a subject but also of its objectives* It nay in- 
volve many different teaching methods and techniques* In this 
conts9ct;it will be related to the general o'l>Jeotives of science 
Question which will be decided ly the phil;>sophy of general 
education in each individual country* 

Before designing a physics laboratory it is necessary briefly 
to define the aims of physics teaching and the teaching methods 
to be tised* 



1*02 Tto K aJgt PurRfig^f-^eachln^ Physic 

The study of the natuiral sciences is common in «ii countries 
of the region end the reasons for which it is taught vary little 
from country to country*. In general these ares- 

« 

a) To develop a responsive attitude towards science; 

b) ^ means of scientific and technological develop- 

ments, to improve general living conditions* 

Physics teaching is a part of science education* Within the 
framework of general science education. Its specific objectives 
nay be said to be - 

1} to provide students with an opportunity to use the 
methods of science and to cultivate a scientific 
attitude — that is to enable th^ to approach 
physics and to use its principles in the context 
of their own environment; 
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i.i) bo gxT 3 ail und^rstaxidiag of tha asaia braachos of 
.plbjroica without ivaoeasarily atfceiaptiag a cc«a»* 
prehoasiTe svix^ey of the gubjact and develop 
a» understandJ-ag of pliy«ical principles and 
t.heir plaeo in nonual svex?^? day life^ 
iii) to deTalop in tiie student certain practical sldLHs 
sad acoo»5)Xisbm0ntg'. such an obsc^^vation, roflec** 
tive t hinking and picobXesa eoivlxig which vil}. ba 
useful In further science j^tudies and la OYciy 
day life* fhese accorjpllghJaeats will ba 
acquired in the process of laboratory woaek in 
which til© ability cf the st^idects to do things 
for thesisel*^es will be strow :.ed.| 

1*9^) to proT?ld© iniipiration to the pot©ntial.ly ’brilliant 
student who stay find a futuj.*© vocation in the 
field of physics. 



1*03 The Teaching Metbods-used. ia..PJayfiiftfl 



The design of a teaching space should reflect the methods of 
teaching that are to be used in it* For example a university 
lecture hall is used for lecturer^centric work* The audionoe is 
static and the sort of space that vi3d. emerge will probably be 
fan<*shaped on plan with the students arreuAged ooncentrlcaljy in 
front of a lecture table which will fom the fociis of attention* 



In a pirimasy school classroom where the activities are child* 
rather than teacheivoemtrlc^ the children will work in snail 
groups* A space that is square on plan and ^dth walls on which 
the children can draw and Imcg drawings would be nost suitable* 

The physical difference between the university lecture hall 
and the primary school c3aserooiQ are due to the different methods 
of teaching for which they are provided* 

It is iB^rtant therefore » before attempting to design a 
physics laboratory to examine carefully the methods currently 
in tise in teaching physics* They ares- 



a) 

Tiie laboratory is the core of all physics 
teaching and therefore^ it Is essentiel t^t it be 
tailored precisely to the methods used* The first 
and most iuqportant teaching method is eiperimental 
work* In this the students are encouraged to de- 
velop a sense of enquixy^ to use scientific methods 
ef fectiih^ and to develop certain manual skills in 
connection with their apparatus* The object of ex- 
perijBental work is ‘bo develop an understanding of 
the fact end principles related to pl^ysics end to 
ineulmdxe systematie application of these principles 
in the minds of the students* 




In these approaches to expexdoental work a number 
ot important points should be eonsidered:- 

i) The work requires to be developed by the 
teacher and the students together* The 
process of syst^oatically planning an 
eaqperiment is perhaps as important to the 
st\ 2 dents as the experiment itself, for 
the designing of an experiment is an im» 
portant part of scientific method* 

ii) The investigation hy the student s^uld be 
a true experiment €ind not merely an ex- 
ercise* The students should attest as 
a result of the study of a probl^^^n to 
find for themselves the solution to it* 

iii) In planning experiments the students, as 

indeed the teacher, will inevitably have 
access to laboratory manuals and other 
textbooks* It is of importance that 
these texts not be copied in connection 
with e3qperisetttal work but rather used 
as aids* 

iv) The preparation of reports of experiments is 

iiportant as it gives the student oppox^ 
tunities to organise the data and ideas 
which he has obtained from the experiment* 

Where students ai?e too young to prepare a 
comprehensive written report, then an oral 
report may be made to the class by an in- 
dividual or a group* In such a case the 
report would be followed by a discussion* 

b) Leetora/banonatratlon Mathod 

The demonstration of certain aspects of physics is 
an important eon^lement to the laboratoi^ work of the 
student* It is of added importance when cos^lex appa- 
ratus is to be used and difficult processes are in- 
volved* In this event the demonstration may precede 
the student eiqperiment* In general however, in order 
not to remove the initiative twm the student, the 
leeture/deoohstratioA will fbliow the eiqperimratal 
atteiqpts of the students and in this way, roundkoff their 
experience with a particular topic* Demonstrations are 
not neoeesarlly the work of the teaches?* Students may 
also participate individually or in groiq>8 in giving de- 
monstrations to the rest of the class* The function of a 
demonstration may bes- 

i) to solve a probl«a 

ii) to explain a principle or a fact 

iii) to demonstrate a skill or technique 
iy) to evaluate student achievement ^ commit1>» 

ing students to participate in demonstrations 

v) to demonstrate objects or lypes of apparatus* 



‘rh© d©s.igR of th© laboratozy shci'^ld b© sucb. a© to 
assist in iiiaitifeg desaoJistration© ©fl'ectiva# To acidev© 
tbie th© desionatratdon should be cloarly vi&tbie. 
more ti^ah oii© ©et of apparatus is to b;; dewonstretea in 
a lecture, there asust be storage space close to the ae- 
Moastratioji table in wkdch to keep apperetus not in usa 
on the table* 

Ctood teacidng practice requires that deoionstrations 
’ v.i*ied out in advance of the lesson and for this it 
ui&y bo ttscftiX i>o provide & pyopare Miou in ft sinall 

store or other space adjacent to the laboratory* 

} yyoJect _HetiK>d 

Th© third function of the laboratory ia to provide 
space for student project work* A student project w 
involve the study of a pi*obloa by an individual or by 
smaU grows of atudents* Th© study mey laet from a few 
days to a period of several weeks* The project appwach 
presents a real opportunity to encourage th© students to 
use scientific metliod: that is to define the proolem, to 
plan the work, to examine resources, to execute the 
and finally to draw conclufiions* It is in project work 
that the student may make his moat important discoveries* 

Lastixig as it does for a period ranging from a fe%r 
days to a few weeks, project wosk requires a specieJ. area 
in the 3.aboratcry in which apparatus can remain stan^ng 
wntii it is no longer required* Moreover there should toe 
spaci? Ui wliich to display to other students the project 
results* 

Ihe way i.n which project work is fitted into the 
normal teaching progreueme wj,ll be conditioned by the 

foll.G>diJg:*» 

, ^ - 

i) Project work aay‘ relate laboratory work coad 
homework in co-<surricuJ.ar activity 0 
a) for the very able sttJdents, project work may 
often form a substitute for oormaJL labora- 
tory work* On th© other hand the stimula- 
tion provided to less able students ly pro- 
ject work makes it valuable to them also, 
iii) Projects provide an ea^ellent opportunity to 
introduce other agencies into the labora- 
tory. Comraercial firms asy be willing to 
lend apparatus or deiof>nstrats their pro- 
ducts, visiting lecturers may offer advice 
and help and, in some countries, private 
agencies may be persuaded to give priases 
and scholarships for outstanding work on 
individual or group projects* 



11 



It is also true to say that the raaxmer of conducting a 
project will inevitably reflect the breadth of scientific 
knowledge and interest of the teacher. 

The project method is sometimes called the "problem 
solving" method. It involves the provision of time for 
the student privately to study and to plan the project. 
Where groups of students are concerned they can be or** 
ganized as research teams, the teacher becoming the 
director of research. 

j , 

d) Discussion Method 



Discussion is one of the most important teaching 
techniques. Discussion between students and teacher will 
lead to an understanding of the purpose of experiments, 
demonstrations and projects. It provides for an exchange 
of ideas and may initiate different approaches in tackling 
a particular problem* The purpose of discussion may be:* 

i) to initiate problems; 

ii) to exchange ideas in planning projects; 

iii) to formulate hypotheses from the information 
collected; 

iv) to draw conclusions; 

v) to clarify and interpret experimental work. 

The role of discussion being extremely inqpoarfcant in 
the teaching process and the subject of the discussion being 
experimental work in one or other of its forms, it is impor* 
tant that it be possible for all discussions to take place 
in the physics laboratory itself. This reqxiires careful con- 
sideration in the planning of a laboratory and in this con- 
nection it is important to note the following :- 

i) Discussion needs effective leadership either by 
the teacher or by a student; 
ii) Discussions may be among a complete class or 
between small groups of students. The 
smaller the group the more effective is 
likely to be the discussion, for every 
student will then have the chance to offer 
his own views. However after small group 
discussion is complete, a full class dis- 
cussion is needed to unify the conclusions 
of the several groups. 

* «) Directed Reading Method 

It is extremely important that students studying science 
should have an opportunity to extend their knowledge beyond 
the work that can be provided in the laboratory. This ex- 
tension of experience can be obtained by guided reading and 
it is important that the physics laboratory in its capacity 



o 
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as ths 002a of pbyaloe vork ia the sohool should contain a 
shelf or two of current general books » reference vorks and 
periodicals* Students should have full access to this 
iBftterial and bo provided with an opportuaitgr to re^ it* 
Periodicals nay . provide an Important s:)urce of material 
for students and help them to select and understand im- 
portant ideas %dilch they may use in their vozk* 

At the same time the student should be introduced to 
the school libraiy and peraltted to loam from the lib^rian 
the use of refej^nce tools and indices and receive advice 
tto hov to ifiden his reading* 



f) 




For the sake of completeness it may briefly be 
mentioned that an additional and ioqportant aspect of 
physics studies are field eaEOurslons* This work has» 
coursOf no direct effect on laboratozy design* 



of 




It may be concluded from the foregoing that the design of 
laboratories should be "permissive** There should be sufficient fleii- 
bility to allow the use of any teaching method and to pendt both tM 
teacher and student to solve problems in ways \diioh are not necessa«^ 
those shewn in the textbooks but which 

and to aanperlment in the students* own way* This will not “ 

a rlgidUboratory layout but rather in the creation of an envisoiims^ 
in which apparatus is conveniently stored^ where benches 
here and there as occasion dsmands» tdiere there is sufficient light 
easily to see what is being done and ^ere the studmat is oomfortable, 
be he sitting or standing # listening or active* 



s 



* 
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2«01 Gneral 

If pl^Blcs teaching 1 b to be euoceseful then it most take place 
in an environaent which ie conducive to learning* Mequate aural^ 
vieual and thenoaX comfort must be provided and furniture imiet be, 
aooh that it facilitates the performance of the varied tasks for 
which it has been designed* In creating this environnent the most 
important factor is the bocisr siae of the child* Ihis fixes the 
sixes and heights above floor level of the working surfaces to %Mch» 
in turn are related the cill heights of windows and other sources of 
illumination* The arrangeoents to provide thermal comfort^ parti- 
cularly in hot» humid areas^ will also depend on the standing hei^^t 
of the child* Binallyt the question of storage is related to the 
heights above floor level to which the child can reach both above 
and below bench level* The heights are related to the body sise* 

The purpose of this chapter is to draw attention to those factors 
affecting environment that have a dir^t bearing on the probleos of 
physios laboratory design outlined in the chapters that follow* 

2*02 ?WV^***»* e Body Sises^ 

Asian secondary school children range in age from 14 to IS years 
and in mean height from 1*46 to 1*57 metress 



The girls do not differ signifioantly in height from the hoys and 
there is only a 1 3% difference in mean height among ohildran of aacoo- 
dary sehool aga from Csylony Indian ZadonadlLat Fakiatin^ Philippines 
and Thailand* Bbrth imerican ohdldren ara 11$ taller t^ Asian 
ohildran and it is important not to usa tha body aisas givan in north* 
Aaarican or &iropean books on sohool buildings whan dasi^^iiag ths «»- 
vironmant for Asian sohools* 



■^Mora datailed refarenev. to this topic is contained in tha Institute's 
Oceasional Fspers> whioh are listed in the bibliography at the 
back of this study* 



TABIS 1 - M«Min atftniiing Haighta - Aalan Countries 



Age Height 

liigtf, — ..Mtteu. 



14 

15 

16 
17 
IS 



1*46 

1«51 

1*54 

1*55 

.1*57 




Of course f all chi Xdx'on of a particular age group are not pre- 
cisely the same height. In a sasiple of year-olds, whilst the 
mean height is 66/5 of the sample will range from 1.39 to 

1.53 metres whilst if 95^ of the sample is considered the total 
range will he from 1.30 to 1.63 metres, 'fhat means that some 
children of 1^* years - not many - will be taller than the average 
18 year-old. 

The danger in furniture design is in making chairs and tables 
too high rather than too low, too Hg rather tha.i too .small. la 
this paper, therefore, the standing height used to calculate bench 
and shelving height, bench depths and widths, is that of the 1^ 
year-old, 1.U6m. This assumption will be convenient for the 
majority of the 15, l6 ard 17 year-'olds. It will result in rather 
small furniture for the few very tall students in the 16 year-old 
group. 

2.03 Standing and Sitting 

For most of the activities in physics laboratories the child- 
ren should be provided with facilities either to sit or to stand so 
that, depending on the activity they can le«rn to conserve as much 
energy as possible. Indeed it has been shewn that reaching, in . 
certain circ.<ufflstances , reciuirga more energy expenditure when 
sitting down than stamding up.^^ 

However, as the characteristic of work in a science laboratory 
is a change, depending on activity, from sitting to standing and 
’Standing to sitting, most working surfaces need to be arranged 
at a height convenient for standing work and chairs or stools pro- 
vided to enable a child also to sit comfortably ixt this height 
both for experimental work and for note-writing. 

Standing work* or table-top height convenient for a 1*» year-old 
child is 76cm. and this can be regarded as a '*datum level" above 
or below which the heights of all other items of furniture, shelv- 
ing and fittings as well as cill levels to windorfs, are fixed. 

Just as the "datum" table height was determined by standing, so 
the depth will be based on the comfortable distance that can be 
reached forward horizontally, in this, ease, whilst sitting. This 
depth is 50cm« 



2 / . 

MeCvaoken, K,C* md IKohardBon, V., Hiemn Energy Earponditupos 
QXt CritOTia fot* tha Design of Household Storage Paeilitiee^ 
Journal of Home Eoonomioe* y.67, no, 3 (March) 2969: 
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The length of work top that can be conveniently reached Md used 
by a 14 yeat^ld is about 75cm. The resulting space required is 
shown in Figure. 1. 




Fig.l - Location of working eurfaoe 



Having established the size and location in relation to the 
finished floor level of a work table-top for standing and sitting 
vorkf tihg 8 li 26 And position of soAitS suitAblo for uss vltb trim vozk 
top need to be detesmined. 

The area of a comfortable seat will have to be 28cm. deep and 
31cm. wide in order to fit ea 18 year-old whilst the height of the 
seatp if it is to be suitable for a 14 yearK>ld> must be 54cm. with 
a foot rest at 15cm. from the floor. 

The distance £tob the voric5Lng surface to the top of the thigh 
should be no more than 9om| t^s means that there is no space fbr 
a drawer under the work counter at the place at which the student 
sits. The projection of the child’s knees under the work top will 
be about 15 cm. 

Figure 2> also shows the height of the woric top to be coiw 
venient for standing work. 



o 
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fig,Z <- Standing and sitting at the working surface 



2#05> Storage 

The McCraken-Hichardeon study^ Indicate© that from an 
energy conservation viewpoint, there are lower and upper 
limits for shelving beyond which a very much greater effort 
is needed to place equipment than is required in what might 
be called the **2one of convenience*** The energy expenditure 
data In the study suggests that if it Is necessary to reach 
forward .over a work top for items heavy or large enough to 
be lifted with two hands, then these should be stored between 
•5^cm* and 1.09m* above floor level, whilst items that can 
be lifted with one hand should be stored within a sone iTetveen 
39cm* and 1*25m« above the floor* Outside this zone should 
be regarded as dead storage space, and used only for very 
rarely used pieces of equipment* 



2 / 
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It be noted however that storage space down *to floor level 
Is usttd In tho caso of studontiB* book cuad bag * (Flgoro 18)^ 
This ie because the student only uses this space (and thus only 
bends down to it) twice - at the start and at the end of every 
lesson* 

the liiDits for useable storage space are shown in Figure 3 idiich 
indicates also the standing work top datun* 

It ±6, of course^ possible for a child to reach above 1*25m. 

The 14 yeaiMild student with a standing height of 1 *460 and stand?- 
Ing close to the plane of the front edge of the ehelvingt could 
reach to 1*76 id* 

However^ it is unwise to arrange shelves above eye-level ^br the 
surface is difficult to see.^ thus difficult to ke^ clean* ^e- 
level for a 1*46o- -high child would be at 1*3^ above floor level* 

The width of shelving above fixed bench tops should be not 
greater than 25cm or it will intrude into the useful area of the 
bench below and may come into contact with the head of a student 
leaning foarward over the bench* 





Hg.3 - Zoias of omvonlonoo for etorago 



^<>06 Spacea, 
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' Two benches spaced 86od apart give just enough space for a 
student to pass sideways between the backs of two other stiidents 
standing to work at the benches* In a science laboratory where a 
student oiay be handling a delicate instrunient or working perhaps 
with hot liquids this is insufficient space* In the laboratories 
shewn in tide paper therefore^ a minismiai clear space of 1m* is 
aHowed (Figure 4)* 




2^07 

Poor lighting in a laboratoi^ agy lead to early tiredness and 
lack of concentration as a result of which accidents^ mistakes sad 
breakages may occur* Many of the science laboratories in 4lsia are 
poorly illuminated altbo\i^ realisation of this fact is not coomon 
among those who use them due to the extraordins^ etpmeity of the 
eye to adapt to conditions of under- or over>* illuaiiiation* 

Different minlmiss lerels of illumination art required for 
different tasks* The finer the task^ the higher the lUuminatlcm 
level needed to perform It efficiently* Thus in a general seienoe 
laboratoxyi much better lighting will be required for disseoticm 
work than for an eaperiment on^ sey» the trlengle of forces* 
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There are ^ddely differing views on the minimum acceptable 
illiamination levels some of which are shewn in Table II. 

Where illumination levels for the precise application given 
are not regulated, the levels for the nearest similar application 
are given in the Table. Thus for India, illumination levels for 
laboratories are not listed; those for "sustained reading" have 
been given instead. 



TABLE II - Minimum required Illumination Levels (in lux) 

in different Countries 



' — — - — ■ — — 

Country 


ACCOMMODATION 


S. Africa 


India 


Japan 


U.S.A. 


V.K. 


Sweden 




1/ 


§/ 


§/ 


1/ 


y 


y 


Classrooms 


215 


163 


150 


322 


107 


163 


Laboratories 


215 


307 


300 


1076 


156 





A concensus of the results would suggest the following illu- 
mination levels 

Classrooms about 180 lu3c 
Science laboratories about 200 lux 

Of course, where electricity is available it can be used to 
supplement daylighting to provide whatever illumination level is 
required. Probably over 80^ of Asia’s schools are in rural eureas 
where electric lighting is often not available in schools. The 
three sections shewn in Figiire 5 indicate the levels of natural 
illumination that could be expected on the bench tops in laboratories 
with verandah, without verandah and with double-banked corridors. 

In each case the illumination level has been calculated in front 
of windows. Behind the columns between the windows it will of 
coiurse be lower. Cill heights have been taken in each case at 
standing bench height, that is, 76cm above floor level. 



4 / ^ 

Remhaakkcmps SqKooI Lighting, South Africa. 

National Building Research Institute. School Building 

Series: Report, no. 10. Pretoria, 1964. 

5/ 

Indian Central Building Research Institute. Building Digest. 
no. 40: Fenestrations for Daylighting in the Tropics, 

Part I - The Sky Component. 

6 / . , 

— Japan. Ministry of Education. Educational Facilities Division. 
School Buildings in Japan Tokyo, 1967. 

7/ 

~ Rennhackkamp. op.cit. 








Fig,S - Xllumimtion by daylight in 



laboratories in differing orosa-seotion 
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It is cl^^ar that less than half of a double~bankad laboratoxy 
cannot be used without suppleiaantaiy electric light and in situft* 
iions ^ere electricity is not available^ double-banked labora- 
tories should not be built* In addition to the poor iUuiBination 
that resixlts from their use they also present a very difficult 
ventilation problem in hot-humid areas . 

The laboratory with verandah is commonly used in high lati- 
tude regions with the verandah towards the equator forming a sun- 
shade* In this case quite good Illumination is av^lable on the 
side of the room away from the verandah but one third of the 
space although suitable for other purposes, could not be used for 
detailed measurement work* The verandah-less laboratory Is the 
most suitable of the three alternatives* Not only is it cheaper 
but the illiMination is more even over most of the section, at a 
level suitable for all purposes* 

lUualnation can be improved as much as about 20% by the 
use of as naich glass and as few glazing bars as possible, lay 
gular cleaning of the gloss and Icy the maintenance and regular^ 
re-palntlng or disten5)ering of eaves eoffites, ceilings and walls 
in light colours* 

2*08 Thermal Ooj pfQrt in PhvBios_iAborat.ft£lfia 

Perhaps the most important aspect of thermal comfort is that 
it is the child who is to be made comfortable and not the room* 

In the humid tropics where cooling is by evaporation of perspi- 
ration from the child* s skin, the need is to direct the air- 
currents that speed the evaporative process at the child ^ not, 
as is so commonly observed, at the ceiling above the child *s 
head* 

A g jq presents three general ■ thermal comfort problems 8— 

1) the humid zone problem; 

11) dry zone problem; 
ill) problems of the upland or cold zonesc 

It is only possible at present to. generalise about these 
problems for first, there is littld information on what people 
in Asia find thermally comfortable and, secondly, there are so 
many variable factors affecting thermal control such as wind 
direction, wind speed, cloud cover, insulation, hUBiidity and the 
MVfe that to date, no very precise methods have been dei^sed of 
ensuring a thermally comfortable environment through building 
design — that is, of course, without the aid of air oonditloning* 
Nevertheless, in both hot-hosld and hot-dry zones certain sisq^e 
steps can be taken to reduce the effects of the solar heat load* 
Basically, the smaller the area presented to the sun, the less 
the heat gained* This is coiqpatible with present efforts to 
economise in the per place areas of schools* Ihus, schools in 
low latitudes should be arranged with their narrow **ends** facing 



- 22 - 



the loVy but hot, early morning and late evening sun* !Phis means 
the ”long* sides of the building will face north and south and, as 
the oid«day sun is high, its angle of incidence with the "long** 
walls will be low and the solar gain small. In single storey 
schools it may be. kept off the walls altogether by overhanging 
roofs which are often, in any case, needed to exclude direct sun** 
shine from the laboratory windows. (See Figure 5, middle section). 
\fheve laboratories are at the end of a building then it is a good 
idea to grange the store oh the end wall so that any heat trans" 
mitted will warn the store and not the teaching space (Figure 6). 
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As far as possible external finishes should be in very light 
these in general reflect more radiant heat than d€urker 

finishes. 

Brick and concrete work should be coloured white and, where a 
selection of materials are available for roofs, the lightest 
colour is to he preferred. Aluminium will transmit less heat, 
even when dusty, tlto clay tiles®./ although tiles aee to be pre- 
ferred from this viewpoint to old and fun^s-covered asbestos sheets. 

I 

There is one major difference between the design of labora- 
tories for thermal comfort in hot-humid and hot-dry zones. In the 
hot**humid zones the cooling of the occupants of the laboratory is 
achieved by ensuring either that breeze passes through the labora- 
tory or that turbulence is created; whereas in the hot— dry zones 

thermal, comfort is better achieved by sealing the building against 
the sun. 




Koof^ebergei^, D. and Lynn» Ifoofs in thm Vam Btmid Tvooies. 

(AiPeHteetural Aeeoeiation. “dpSTwH". London^ iund 

Bumphrtes» 2966. ) 




Tb^a nov^aent speeds up evaporation at the siiz^aee of the 
and gives a feeXing of cooling* Zn order not to lapede the 
passage of the breese froa one side of the rooa to the other it 
is essential that ventilation openings • tisually vindovs - be pre- 
sented to t^e breeze and that all high cupboards and division vails 
be arranged nornial* to these openings and thus parallel to the 
breeze (Figure ?)• 




Pig*? - Atwzngemnt of fumiUtve for good oroee vontilation 



On the other handf In hot<«dx 7 zones^ idiere air temperatures 
outside are so high that bo<^ heat cannot be reduced by residratlonf 
then themal coofort is best achieved by sealing the bu ild in g early 
in the noxiiing reducing the rise of tenpsiraturd inside by ea&* 
eluding solar heat* Zhe location of furniture In a laboratory in 
these circumstanoes from' a thermal comfort point of view is of 
little oonsequenee* 

there is also a need in the winter months in inland countries 
and countries with hot dry summer elimateSf to provide heating 
faellltles for the winter* In Ifghanlstani Korea snd Nepal for 
example> snow is common and belov^aero tm^ieratures are freqjoently 
eaqperienced* Zn the North of India and in West Pakistan^ ohildrsn 
are often taken out into the playground in the early morning to keep 
warm in the winter aun* fortunately in these oircumstanoes the 
^sealed* building^ so essential in the very hot months when ths hsat 
nesd to be exoludedf is tlso convenient in the winter when the heat 
needs to bo *^pt in** Various countries have various ways of heat- 
ing elaesrooms depending on the oonstruiction of the b ui l din g and the 
fuel available* Zn the deei|^ suggestions given in Chapter 4» space 
ehould be included for appropriate heatitig devices* 
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fXIRNl'gURS IN THE PHYSICS UBQRATOBY 



3.01 General 



Furniture in a physics laboratory has a more flexible tSle to 
play than in a cheanistry or biology laboratory where tables 
shelves rarely have any function other than that pf housing ser*" 
vices and providing a stable, level based on which to stand 
apparatus. Physics experiments, involving as they do, the study 
of mechanics , heat , light and wave motion etc • , require furniture 
to which can be securely anchored, or from which can be hung, the 
ends of wires, blocks, pulleys, trolleys, batteries and the like. 
Sometimes experimental apparatus will be suspended from the edge 
of the table, on other occasions it may be cramped to it, whilst 
less frequently, small towers of equipment may be constructed re- 
quiring a firm fixing at the base. Physics experiments, perhaps 
more than those of any other science taught in second-level 
schools, lend themselves to invention and improvisation. The 
furniture in the physics laboratory must be designed to facili- 
tate this so that the student can give free rein to his imagina- 
tion in investigating the natural phenomena included in the 
physicb^ syllabus. 

3.02 Facilities required in the physios laboratory 

A study of three physics teaching schemes shows the following 
requiregnents connected with furniture and services 



TABLE III 



Facility 


% of experiments requiring the facility 


Scheme 1 ^ 


Scheme 2^^ 


Sohme 


Heat 


1 


3 


1? 


Electric power 


20 


44 


29 


Hmning water 


0 , 


0,S 


0 


Stable horizontal work top 


60 


24 


61 


Edge fixing to work top 


20 


6 


0 


Ripple tank 


9 


U 


0 


Ceiling hooks 


0 


0,5 


0 


Floor space (no furniture) 


10 


10 


S 



4 

mains s battsry or aoeumutatop* 



9/ j , 

— Baucatiemal Serviees Tnoorpormted. Physieal Saisnosa Study Conmittss, 
Physios labovatovu quids. Boston, D.C. Heath, 2960, 

— ^ Huf field foundation, Hu f field Physios t guide to sseoeHments, Pt, 
Longmans /Penguin, 19^, 



££/ Ceyton, Depavtment of Education, SultahMee of inetxmetion and sehsmes 
sohmes of t mk in eoienoe suhleote j/on G,C,E, olaases* Colombo. 
Government Printer M 1966, 
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:Qi 8 raeUlttee Uetad, of course, overUp. 
heat or ‘eloetrlcl^ also require a table top. It Is clear ^ 

■ desl^ierB of pbrsics sohMieB rely heavily on the f Milities that are 
available in the environnent in which they woik. for eaesiqple, 

in Ceylon, as in most Asian countries, in schools t to^ is 

freoumtly no Bain electrle power source. The use of elaowoity 
has? laiorofore, been United to that provided by towh c^s or 
aecunulators. The Huffield Scheae on ^ o1^ 
derabls dMands on electric power in ^ 

prosuBiably beoatiso electricity is readily available in the areas lor 
vhich the sohanes are designed to be used* 



Despite these differences of es^hasis and i^proach, aU «iree 
schemes have certain common requiireiients* Physics laboratories need 
provision for stable^ hdfisontal tables at idiich there sho^d be good 
faciUties for cleiifping apparatus} electric power 
oulators or from a main supply should be available at the table} 
there ie evidently litUe need for running water end although heat 
is required, its appUcaUon is infrequent} the laboratory stojM 
have floor space for general e:Q>erim 0 ntal work and for work with 

xd^le taidcs* 



From this it mey be concluded that there sho uld be places for 
all students at tables iMoh are provided with electric powr and 
a few extra i^laces at whleh water end gas or oil for beat for eac- 
' perimente are available when required* 



The de^e of ii^rovisation and genuiM aiperlmentation required 
of the students in the new schioes of physios teaching are such as 
to suggest that the aajority of student work tables sbould be movable* 

there are, as will be seen below, other oosqpelling reasons for 
mobile fiumiture if effective teaohi^ is to be made possible* 



3*03 The laboratorg 

The traditions! method of teaohiog physios involves a lecture 
eepieining « particular priooiplc and, in the following period, an 
eaqperlment carried out by the student^ in which the principle em* 
plained in the leoture ia verified*. The lecture normal3y takes 
plaoe in a olassroom and the soqMfiriMntal work in the laboratory* 

Tha new methods of teaching tend to reverse this proosss* Tbs 
students, working, in small groups, or as individusls, oommaaoe study 
of a pMtioular tbplo through an esperlmsiit in whioh they andeavour 
to find out for ttismsilves the ispinoiple or laws involved* At some 
suitable moment, tdien as much as is possible has been gained from 
the eiqperiment, the teaoher will initiate a olasa disoussion ia 
whioh the results of the various student eaperimsots are studied 
and the outcomes of the ^qieriment determined* 
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A good example of this type of teaching is given helow:- 

Yomig*a Experiment;- Interference of Littht Waves ? 

m ‘ 

student Eacoeriiaenta - looks through two slits in a 

slide at a lamp. 

- sees dark and light bars - why? 

- sees bars near end of pattern 

coloured - why? 

- covers lamp bulb with red cello- 

phane and puts ruler above it. 

- how to determine Sin0? 

- what is the .wavelength of red 

light? etc. 

Class Discussion - Teacher decides that time is 

ripe for discussion of 
students’ work and results. 

Teacher Demonstrates - The differences between measure- 
ments of the dircKStions of 
nodal lines using a ripple tank. 

Teacher shows film - A brief film or tolk recapitu- 
or recanitulates lating the pxirpose of the 

lesson brings it to a conclusion.' 

Clearly it would be most inconvenient during such a lesson to 
move backwards and forwards between classroom and laboratory be- 
cause the nature of the lessons alters - from experiment - to 
discussion - to demonstration - to film. The students can in 
these circumstances best remain in the laboratory and arrange 
themselves • their chairs and their tables as conveniently as 
possible in relation to each change in activity as it occurs. 

Every lesson will not necessarily follow the pattern outlin^. 
above. Some periods will simply comprise experiment and discussion , 
others a demonstration followed by a film or an experiment followed 
by a demonstration. Whatever the variation^ it will invariably be 
found more convenient for the students to remain in the laboratory 
and to adjust the position of the chairs and tables so that they 
can most effectively peurticipate in each new activity. 

To facilitate this it is importafnt that the physics work tables 
be designed so that they caa^^easily be moved and the laboratory 
quickly arranged in the most appropriate way to suit the various 
phases of the lesson. 

This is not to suggest that all physics teaching must be con- 
ducted in a laboratory^. For example, a lesson on Total Internal 
Reflection might involve no experimental work but simply round off 
earlier lessons dealing with light at the boundary of two substances 
and develop, possibly through graphical exercises, a qwlitative 
familiarity with total internal reflection. The equation for cri- 
tical change can then be established. 

Tt in wovth noting ^ that in the Nuffiatd Sahmee for 

Chmistry eind Biotogy, all tho progrcsrmd work io in tha 
laboratory. 
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wrlc can eaaily be undwrtaken la an oicdl nny 
«m one or BorWperloda during whi^ 

it naooBsaxy to move either theaiaelvaa or their deaka. 



Xbe «oaiga of the vorh-table to be provided 
the ptff^a l^ratoxy depends on the gro«^^ of atude nba fir « 
welMto and the Binlswn dioanBiona requl]^ for eageriaen^ writ. 
Sterne, atablii^, provlaion of aervioea and tho nateriala^o f oon- 
struotion are also of ftmdaBontai importance. of ^h 

finally edectod will, aoreovor, have a aajor Influence on the 

total aroa of the laboratoxy* 

% 

it 

a) 9 |tyt^p*.ng otttdanta 

The ideal wmp tor moat phyaio® 

tm 8 tud«ta. Xndoed aaiy oa^rlnwitB would be difficult to oariy 
out 0 lQgle*handed« 

On the other hand large claaaes of up to 50 combed 
with a ahcrt^o d apparatus are, likely to 
^ islan^ola fSr aoae ti» to dOM 
«^a of two students per em>eri»nt would be 
' slae of group that can work reasonably , with 

given an opportunity to nake Individual o»»ecw*^ >,y 
at four adit is towards (woh a groi^ng toit ^ 
wet educational authorities wlU be direct^ their efforts in 
respect of the ar^ply of physios apparatus IFigure a)» 
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H0»8 - Gpouping of otudonta in th* Phyeioa laboratory 
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b) Jhfl Wffrtog 

Biologjr work 1 b characterlsod by tho alnost oquATO 
dlatAotlon tr&y, chendatacy ea^jei'laieutts t«nd to omtro on b^tn 
biiraera ana beakora and at olaiaontary IotoI are round in otorao- 
t«r* Work in ^aice tondo if anytfalng to oocupy long, thin, 
roctangular araaa of bonoh» Studlaa of light, for axABgaaa, 
are involving sighting in straight liMS throng lensM 

(figure 9)* 




Fig ,9 • A. typical Phucioc expet*iiKcnt occupying the futt bench length 



StadtM «t W9 also Uaa^l In chematjr. to ^ 

tiM thra* phyaleB twohlng soImom v«SwmA to abovo now •« 
atudeat -a^ortoento 1.5» in length ato a mmiber of othiPa poqjdafliig 
alnoet this length of benoh* 



ihe dinaiislon detamlned tot the working surface of the fkee- 
'Standing students* bench is thus 1*5» n 75c» (see . . 

This for A students in the 14 to 18 year-old 
at standing work taUe height, that is Tim abore finished floor 

level (eee 2*01 above)(ligure 10)« 



r 
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fig, 10 - The working surface for a movable etudent*s bench 



In addition to the apace required for experimental work, 
however, it will be necessary to provide surfaces at which the 
students can record the results of the work they are doing# 

No experiment will occupy the whole of the table end it may 
reasonably be assumed that two of the groups of four students 
will find space on the table for their notebooks# The other 
two students may be provided with "pull out" shelves for writ- 
ing - similar in character to those commonly found at typists' 
desks (Figure 11). 




Fig. 11 - PulUout writing eur faces 



The projection of these shelves should not be such that students 
can exercise an overturning moment on the table, which must be 
stable# 







I 
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c) it?lxiHEL to the, 

A KUDibo:?;^ of experiiiiecifs - ae 

will be seen from Table 111 
require cramping to the edge of 
the work surface* Small joiner's 
craiaps are often used for this 
purpose* The work surface should 
thus project about 10cm free of 
any supporting rails all round 
the table top (Figure 12)* Where 
cramps are used then the table 
top should be of hard wood or 
0^r material able to resist 
indentation* 

d) Klaetileal aecvlee* 

As has been e^qplained in 3*02 
abovoy the students' physics 
table should be movable* 
Fortunately the majority of 
e^qperiments involving the use 
of electricity require direct 
current and this can most 
easily be provided from 




Fig. n 




o Crmping to tho working oupfaoe 

accumulators or torch cells* 
Torch cells can be used on 
the work surface but 
accusAilators can better be 
stored under it and con- 
nected by leads to the 
apparatus on the work top 
(Blgure 13)« 

Alternating current, when it 
is required, can be provided 
by cables from outlets 
arranged at convenient points 
either around the walls of 
the laboratory or fron aoekat 
outlets in the floor* 

As part of this Study, a proto-> 
type physics table IncorporAtdiitg 
the features outlined above vtxii 
made in the Institute and is 
shewn in Plates 1 and 2* 



Fig. 23 • Aaeumtatop otomgo afmlf 







t 
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Plate No. 1 



View of prototype Physics table for 4 places 










Plate No. 2 

An experiment set up 



on the Physics table using a cell battery. 
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3.05 

As has been esplained above, some eaqporlmoatB require heat, 
water or isaine electricity* They repreeent only a entail pweent** 
age of the total experiinental work but, ■ nonetli^eBei. provision 
snist be made for them and this is best arranged at waU benches 
in which can be set sinks, gas taps and power outlets* Wi^e gas 
is not availabl© then electric heaters or priiaus stoves will be 
the usual alternatives* A primus stove is certainly best located 
on a fixed bench ^ere it is less likely to be knocked over. 



The work-table itself should not be wider than 50cms - t^s 
being the w«t*H«nyin ccfflifocr table forward reach, of a 14 year-old vac© 
2*03 Sitting and Standing)* It will be fixed to a cross wall or 
along the l^igth of the laboratory preferably . under a window* At 
least one sink, (but preferably for a class of 40 about fowl 
should be set in the table-top* (Uass-fibre sinks are to be pre- 
ferred to ceramic sinks as they are less likely to cause damage 
if glassware is dropped in them* 



In schools %diere main water supfOy is not available J 
tank, filled daily by hand, or by rain-water from gutters in the 
roof can be provided inside or outside the building at a level 
sufficient to pi de a bead of watM^ at the taps* If it is not 
desired to provide expensive, piped water services th^ vas *e 
suggested in Stuty No*3 of this series. The Design of CniWUaigtaaL 
Lfthoratoriefl for Seco^ -Levii^ Asian School^ a 
tor^c^ba^aced ty Sch ^ a^filled^om time to time with 
a bucket of water drawn trm the nearest well* 



Where mains power is available, earthed, 13 amp* A*C* ©^1*^ 
lets should bo provided on a scale of about one per four students 
with gas outlets on th© seme scale (Bigure 14)* 




Fig, 14 - Continuous work-table fixed to wall 



. The total length of fixed bench provided is diffle^t to 
determine exactly* Most teachers, however, are of the view that 
the more fixed benching available, the better and tlm im this 
study, it is suggeeted that all wall spacs not o©©upI«d ty . 

furniture, should have 50on wide continuous work-table fixed to it* 





Storage at the firmed wor2f«tabla» should b© either above or 
belov the table ru'-rface and within the **soae of co&vealance'* 

(aeo Figi^e 3)* Tbi.e means that wall cupboards oaa be hang 
above a mxXwxtn height (to hottoai shelf of cupboard }of 
above finl;ehed floor level and below the tatle top to 39oxfi above 
finished floor levels Fig:*.;ee 13 suggests the pattern that sight 
result* iVo differont types of ander»bsnch units can be provided^ 
om with drawers,, the other with a cupboard* 




- StdxHige c:t the watt-^fixed wovk-^taibte 

It should be noted that the old type of full«depth cupboard under 
the worb*table is not recomiieQddd* Inspection of many of theso 
cupboards in ex3.sting schools ©hows tliat due to the dlffictHty of 
reaching down into theia^ they are cfteu^, at best^ unused and at 
worsti fl3.1ed with rubbish* ®6ut of sight - out of mind* perhaps 
best describes this traditional, situation* 

The undez^bench storage unlts^ it viUl. be seen^ due to their 
"modular*^ sise^ can be slid in under the fixed table-top at strategic 
points* On the opening of a new laboratory there may be little to 
store other than tb.ose i'tems of eqiuipment comprising the officiciL 
first issue* As work in the laboratory proceedsi more equipment 
may be constructed by the students themselves* Ag this oeenrs and 
the need for storage grows^ new units can be added either under or 
over the bench* 



3*07 ^Wyo.,.tff9fgg ttailf 

Most of the equipment used in a physios laboratory will be kept 
in a separate store adjacent to the Xaboratoiry* This store will^ 
be linked to the laboratory by a door but It may be found more 




convenient for the teacher or where appointed^ the laboratoa?^ 
attendant, to issue equiproent through a hatch thus excluding the 
atudente front the store itself* Th.1s will be found more important 
where classes ere large and where it would be i]Bpoesib]|.e for every 
student or even for group leaders to ender the store without creat- 
ing confusion* 



The hatch should be provided with a counter at nonoal bench 
level ( 760 m 0 above floor level) which may be part of a nonoal fixed 
work table (see 3 * 0 $ above)* The hatch should be la vide and high 
enough to provide a clear view for an adult from store to laboratory* 
The hatch needs J;11 so to be provided with secure doors (Figure 16)# 




iPi§»l0 Htm mmm iMitoi • 

3.08 

The space for Individual or iprcmp projeet work should be 
finished with a fixed vall-type unit with under-table^top cupboards 
and drawers* G&s and A*C* should be available* Above l£e table and 
fixed to the wall, a tackboard will be found most useful in assisting 
the students either to hang apparatus or to pin up the plan of t^ 
project or data connected with it, such as graphs of readings (Hgur© 17 )» 
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It should always be possible for those not af;t#ually working in 
a project to obtain frooi inspection of it and from material 
posted on the taekboard, a clear idea of the aims of the project 
and the progress achieved to date. 



3.09 Utility table 



Good physics teaching will encourage students constantly to 
wiitch out for somples or newspapers and magazine articles connec- 
ted with their laboratory work. For example, as interest deve- 
lops in that part of the syllabus dealing with electricity and 
magnetism, they may, from time to time, bring in parts from radio 
sets and old cars. Old lenses and the like may be lised during the 
section dealing with optics* The skilful teacher who attempts to 
relate the principles being taught to these everyday articles 
should be provided with a small table and tackboard at which dis- 
plays of the article and related literature can be arranged. In 
addition to this student activity, the teacher will often arrange 
a special exhibit of apparatus and literature connected with each 
particular section of the physics syllabus as he teaches it. 

Probably two or three bays of the standard fixed work-table 
will be sufficient for this purpose, behind which an area of tack-, 
board can be provided on the wall. 



3.10 Aileillsry furniture 







A) Students* book and 
bag storage unit 



Moat students 
will come to the 
library with a 
small stack of 
books or a ease 
or bag . The 
rest of their 
books and begs 
will be a nuisance 
to them during 
the physics period 
and a book and bag 
storage unit ’shoul ' 
be provided near 
the door of the 
laboratory at 
which they can 
leave those items 
not actually needed 
for the lesson* 



« Students* book and hag storage unit 



o 
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b) Book and periodical ahelveo 



The importance of guided reading hae already 
bean mentioned in Chapter 1« A simple moiablm 
periodical rack is suggested* This can be arrant 
i ed on a fixed table-top ai<d a single shaLf for 

books slid in underneath (figure 19)« 




Hg»29 - Book and poviodioal eholving 



o 
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c) Chart cabinet 

Charts aiid printed diagrams are of great value as aids 
t.o the teaching of physics. I'^here are many storage cabinets 
available for this ecjuipment but the type illustrated in 
Pigiire fid has been found very convenient. The charts are 
httng from their rollers in a dxrawer-like frame from which it 
is very easy to select the particular chart required. Above 
the frame, opportunity is taken to provide flannel or tack- 
board for other visual aids. Sises are not given in the 
figure as these will vary fro® country to country depending 
on the siae of the charts used. 





Fig.2<? - Chart oahimt 






3«ii 

LaWratoi^ work fXuotuatoa between student experiaenta^ de» 
■oastretion the teacher or students and discussione* The de» 
nonstration teacher or students and the discus8l<Ma8 will tend 
to foeue around the teacher's deBonstratlon bench* This bench, 
because of the couprebeneive functions it has to perform, must be 
provided with all available services, i*e* gas^ uatez^A*C* and 
0*C* ^e bench should be slightly larger than would normally be 
required for a student experiment* It should also contain storage 
space for several made-up experiments as during the course of one 
lesson, the teacher say give two or three demonstrations using 
different sets of apparatus* 

f 

It is important that the demonstration ben^ be easily seen 
by the students who are watching the demonstration* This can be 
arranged in two ways$ first by raising the demonstration bench on 
a platfcam; eeocmdly by arranging the bench at floor level with 
space near to it for the students to gather around it* The old 
idea of putting the teacher up on a j^tform is fast dying and 
most teachers find it more conducive to good teaching to be in 
closer contact with the students* The bench, idiich is shown in 
Figure 21, is 2m long and 75oo«ide and the height is the standard 
bench top height, i*e« 76cm* The surface of the table ^umld con* 
tain two sockets into Mhieh can be screwed metal posts that may be 
used from time to time as fixed retort stands* 

Another piece of equipment, sboim in Figure 21, that is ex» 
tremely useful in the laboratory is a wheeled cart* This should 
be 50cm x 75om and its height ahonld be the same as the standard 
bench hei^^t, l*e 76cm* The cart may serve several ^uposes* 
la ehown in the figure it nay be used to provide additionsl 
length to the demonstration table* It may also be used to tdieel 
apparatus about tho laboratory* Finally it provides a useful 
.st»^ for a film-strip or othw projector* 




Fig, 21 « Teacher^ s demonetmticn benoh 



D— Ign of Riyaics laboratorlts 



4.01 

The design of physics laboratories for the Asian Hegion is 
a compPLex problem* 3^ the first place the methods of teaching 
currently in use in the Region 'vary greatly from country to 
country* In some states traditional methods of fd^sios teach* 
ing are deeply entrenched whilst in others the most up*to*date 
ideas are being used* In all countries the design of i^slcs 
laboratories t^s to. lag behind the changes in physios teach^ 
ing and indeed those who are working in schools hating tradi* 
tional laboratories frequently find that the rigid laboratory 
fbmiture layout seriou^ interferes with any atteo^ts that 
nay be made to introduce new teaching methods* 

The second design problem whioh arises in considering the 
Asian Region as a whole is that of design for climate* labora* 
tories in hot*humid areas require good cross ventilation if the 
students and teacher are to remain thermally comfortable* Thie 
means that all storage cupboards have to be placed on eross 
wallsy parallel to the breeze in order for air to flow trm one 
side of the laboratory to the other* In other elimatesy either 
very hot or veiy cold^ but dry» the reverse is the ease* In 
8U(& situations there is a ne^ to exolude external breeses 
f^on ^e laboratory in the winter in order to keep the oecn^ 
pants as warm as possible and in the eommerf to exclude very 
high temperature* air and duet* 

The third problem conoeme illumination and this is to 
some extent lii&ed with the . problem of design for climate* It 
ie also oonneoted with the urbaiwrural situaticai in Asia* B0% 
of Asia’s sehool-goiug population live in rural areas where 
electric light is the exception rather than the rule* In such 
situations the laboratory will have to be lit entlreSy by day- 
li^t* This does not present a problem in the humid zones where* 
as described above* the demand for erose ventilation requires 
windows on either side of the laboratory* In hot-dry and eold 
situatione* however* where it is necessary to exclude the breeses 
from the laboratosy* then normally physios laboratories will form 
part of double-baiiked buildings* that is to say buildings having 
a central corridor with rooms on either side* These rooms will* 
therefore* be lit from one aide only* receiving little other 
* than refleoted light* figure 5 in Chapter 2 suggests that to 
obtain satisfactory illumination from daylight in such eirctt- 
stanees is exbrembly difficult* 

Another problem in laboratory design is related, to the 
Asian situation in whioh* as mentioned above* the majority of 
physios laboratories ar< unlikely to have electric power* gas 
or piped water* 
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WinoXI^f it ifi) neceasarj to ocmsidor th» (Siverelty of olaes 
eiaes* In urbeo e-reae where soienca teaching is well developed 
and the opportuuitlea for a child with education in acienoe euh 
jecta ai’c obvlouely very srach greater^ daeees will be large» 
Fhyeicf claeaee of frcm 40 to 50 children are very eoouQon in* 
dead in nany of Aela’e larger citiec* On the other handt In 
rural areae where science teaching ie etill alowly developing 
then it issay be on occasion difficult to find a ol^e of ae many 
aa ten ohlldren in ceri^n areaa^ whilst 20 is a very usual 
nunber« There la thus a need in considering design for the 
Asian situation to provide for large and einall classes and in 
thie paper laboratories are offered, for teaching groups of 20 
and students*^ Moat phyalce teachers would protebly regard 
20 students as an ideal group ftois the point of view of sias* 

As Boro acienoe teacher p are trained and more schools built then 
it aay be confidently expected that the else of the very large 
teactdng groups will slowly reduce* Sene of the laboratory de» 
signs for 40 students shown later In this chapter nay be thought 
ra^er craaped* In this connection however, it should be vmum» 
bared that if the pupll/teaoher ratio deoreaaee in the future, 
then these suggestions for large laboratozy designs will becone 
very ccnfortable for ssaller teaching groups of siy 30 to 
students* 

»■ 

4*02 3ghe,^lution 

The laboratozy is little more than a shell enclosing space 
for physics teaching activities* The total space. In fact, needs 
subdivision into sailer spaces such as stores, dari&»rocni, pre- 
paration CUD proieot rocn and the laboratory proper* The sisie 
of those spaces will be deteralned hy the funetions they each 
individually perfom* Thus the store Bust be large enough and 
of the right shape to contain all of the standard physios appa- 
ratus and to perMlt of easy accuse to it* The dirh-rocia shi^d 
be sised to idlow a group of students and the teacher to caa^ 
out earoerlBonts in optics end the developBent and printing of 
filns ^Icen in <r Qneotlv''n with part of the syllabus dealing with 
notion* The teacher's' rooM should provide space enough for the 
teacher to prepare material and to bouse a small group of stis* 
dents working on projects* The laboratory itself Jimst be the 
most flexible of sill spaces for, as indicated in Chapter 1, It 
may be used for discussions, deBonstratiens and a wide variety 
of eaqierimental work* 

The actual diBensiems of the op^^ces will thus depend on the 
activities* All of the activities involve the use of fUmituro 
the sites of whioh have been deteradned in the preceding chapter* 
dpBe notion of the total cite of each space can thus be gained 
by considering fumltiire and Baking allowaaca for suitable 
circulation about the various benohes and chairs* 



i) Space in the laboratory, excluding ancillary rooms - 
for a teaching group of HO 



10 group work-tables 
4o chairs arranged for discussions 
20 bays of fixed vall-*bench 
1 teacher’s demonstration table 
1 chalkboard, chart cabinet 
1 students' book and bag unit 
Allow circulation space 

Total say 



43,8 sq,m, 
9,6 " " 

BO.O " " 
7,9 ** " 

4.5 » " 

2.5 " " 
9,0 " " 



$7.0 " " 



This is a laboratory area of about 2,h sqi*si per student 
place and eoo^fes favourably with the plans proposed in 
this paper which range in area from 70 to 9^ sq,«a« 

It is of interest at this stage to eoi^are these areas 
with those from some of the standard physics laboratories 
in the Region listed, btloir: 



India 1,49 eq,m, 

Hongkong 2,69 ** ^ 

Ceylon 1,?4 " '' 

Singapore 6,00 " '' 

Pakistan 2,17 " " 

China 2,17 " " 

The figures in brackets include an addition of 0.5 sq.m, 
for discussion space which is not included in any of the 
studied, but which is essential for eon^arison with 
the area desired above. la fact the absenoe of a dls** 
cussion space would mean that a classroom would be re** 
quired for this function and the real ma (classroom 
plus laboratory) would be larger than is suggested here. 



(1,99) 

(6.09) 

(2,24) 

(6,60) 

(2,67) 

( 2 , 6 ?) 



As far as the shape of the laboratozy is concerned, the^ 
would appear to be no special requirements other than ^ose im* 
posed by the need to achieve effective illumination, with or 
without artifieial li^t and the need for thenaal comfort. 
Laboratories have been designed as circles, as regular po3ygons 
and as tr^soids. Plan shapes other than rectangular usually 
require the building to be free**staading and this leads ^ to 
greater expense. As one of the purposes of this paper is to 
suggest ecmnomical laboratories, the solutions given are all 
rectangular and the spans and column spacings indicated um 
those already commonly in use in the Region. This will permit 
the labordtory to fit into any part of a normal building. 

ii) Space in the store - for apparatus for teaching groiq^ 
of ho. 

The appendices list the sort of equipment that would 
probably be found in a veil-equipped i^iysies laboratory. 



With acme itesus stored in tl;ie laboratory (on the basis of 
ccmon use) experience shows that the separate store area 
needed would be about 3 oq«m« or 0»70 sq«m« per place* 

This area comparea most favourably with th&t actually pro- 
vided by a mimber of countiles vrhose standard plans have 
been mentioned above^ where the prorieion of storage space 
ranges from 0®44 to 1*.09 6q*m* per place* The variation in 
space fro® one country to another depends on the amount of 
equipment provided and it jaay be significant that those 
laith the largest gross invest»®nt in education have the 
largest stores* 

iii) Space in the dark-roc«o for teaching groups of four students 
and a teacher - 



Experimental work-bench 
Printing and developing 
Storage and circulation 



2*25 sq*m* 

4.50 " » 

1.50 " » 



Total (say) 8*25 ” ** 



this is a per place area of about 0*20 oq.a. per place* 
Regional comparisons are hardly valid in this case as 
only in two of the ©xampl.ee of standard pXm stiwilied was 
a dark-room provided* 

iv) Space for preparation, for the teacher and for project 
work - 



Experimental woa:*ko«bencb 


2*25 


sq.m* 


i^eparation bench 


4.50 


« a 


Teacher’s desk 


3.35 


II It 


Storage and circulation 


1*00 


H ft 


Totfil (say) 


11*10 


It 



«*»» 



This ia a por place ai»ea of 0*26 sq*.w«. it Is difficult to 
compare it wiiii other school® in the Region, as although 
provision jmay be made for these essential activities, 
there is no such indication in the p}.ans studied* 

The total, ar-ge for a physics laboratory facility may thus 
be summarised as foHovs:- 



The laboratory proper 


2*40 


6Q#Ble» 


The store 


0.70 


n 


e 


The dark-room 


0*20 


n 


n 


Preparation, project and teacher 


0.25 


n 


■ 


Total (aay) 


3.55 


It 


n 



Thle_8JBac© urovislop. it should be empbasiae d^^ reguireB 
nftlhig>iLlilore-fq!r the taachingL of the nhyalcg evllabiifl In 
ItfiLentlre-tar.*.. Ho additional cl aaar,o_cao_ is needed * 
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The study a3.so cleaz'ly shows (as wilX be seen from the plans 
that follow) that the smaller the teaching group the e^reater per 
place area needed i 4.5 sq.m, per place for a group of 20 and 3.4 
to 3.8 for 40. 



Some suggestions as to way s in w^hich these areas can be 
arranged for convenient teaching are given in the following pages. 
Four types of laboratory plan are illustrated as follows 



For the hot-himiid ?.ones 
(Figui^as 22 to 24 and 
31 to U) 

For the hot~dry or cold zones 
{Figures 25 to oO.K 



a laboratory for 40 students. 

a laboratory for 30 students. 

a laboratory for 4o students, 
a laboratory for 20 students. 



Each plM is she^with fixed fiirniture only and in the ad- 
joining drawings ere indicated four possible ways of arranging 
movable furniture in it depend5.ng on the nature of activity de*^ 
sired. there is e furniture arrangement for the laboratory 

used for discussion, an arrangement for general experimental work, 
another for use involving mains power and finally one for use of 
the floor for ripple tank worke. As two dimensional drawings are 
sometimes difficult to read, each plan is accou^anied by a per- 
spective outline showing the laboratory with all its furniture 
except the chairs which have been omitted as in such small-scale 
drawings, they tend to confuse. 



accompanying each plan is a description of the facility 
explaining the layout in terms of climate, illumination and the 
arrangement of furniture. An analysis of areas is also provided. 



The foH<3wing key is used throughout the drawings :- 



B - Free-standing students' work-table (as in plate 1) 

C - Chart cabinet (as in figure 20) 

Ch - Chalkboard . 

H - Hatch from store to laboratory (as in figure 16) 

L - Book and periodical shelves (as in figure 19) 

P - Project work-table (as in figure 17) 

R - Ripple tank 

S - Students* book and bag storage unit (as in figure 18 ) 
St - Storage cupboards 

T - Teacher's demonstration table (as in figure 19) 

WB - Wall fixed bench with or without cupboard over and 
under (as in figure l4 and 15 ) 
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PUCE UBORATORY 



see Fig, 22 opposite 



ftnrt ^ '-iie labcratorjs prepax ation rocm, dark room 

Md store with iixed fui-niture. Figure 23 overleaf indicates al- 
teraative errangements of furniture for this lehoratory which is 
suitable for use in hot-humid climates « 

rhe windows on either side of the main space will permit of 
^od cross ventilation provided the building is oriented to faee 
the pra^Ung breeze. The dark room should, where electricity is 

** lightTroof extract fan on the «ter- 
n^wall toawi^ Mr through the preparation, projects and teacher' 
room. A fan of about *tOcaa diameter will be adeqiiate for this pur- 

iii not available then light-proof venti- 

of the dark room or 

SS’SiSSi; SSSi."'" «■»< -w ~ 

if ^ laboratory, e.Om., is the maximum possible 

illumination is to be obtained without supplementary 
artifiei^ l^hting. Higher illumination levels will he obtained 
Mor«r the windows which should rise from the level of the top of 

be*no*Mch^\hL*pV®”S‘*®® 1^^?“^® «eiUng T*ieh*^need 

finished floor level, Windows should, 
of course, be shaded to prevent direct sunlight from entering the 
laboratory for the whole of the school day. 



Key; 



B 

C 

Ch 

H 

L 

P 
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WB 



- Free standing students* work-table 

- Chart cabinet 

- Chalkboard 

- Hatch from store to laboratory 

- Book and periodical shelves 

- Pi'oject work-table . 

- Students book and bag storage unit 

- Storage cupboards 

- Teachers* demonstration table 

- Wall-fixed bench. 
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Aim PBR PUCE I- 

Laboratorjr*** 2«4*sq*Q* 

Ancillary ^ees«««*«»o l«4*sq*^» 
Total area per place 3*3*9q*»« 





LABORATORY 
40 places 




movable furniture 



shewn in figure 23 
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lABOEATORy FUPJUTUBE ABRAKGEmmS 



shmrlng koi i fuvrdtu re ca?i he moved as the subdeot 
maitp. T and te aching methods^ change 

(see Pigum 22i opposite and Figui*e 24 overleaf) 



Arranged for General Hxneri*” 
ments 



For experiments not requiring 
power, water or gas (Table III) 
the movable work-tables , 
(Plates 1 and 2) are arranged 
in the body of the room and 
away from the wall benches. 

The space in the middle 
of the room is available for 
experiments not requiring a 
bench. 



Arranged for Discussion 



Ihe students* chairs (Pig. 2) 
are gathered from the 
movable work-tables and 
arranged formally or in- 
formally near the teacher s 
demonstration table 
(Figure 21). This involves 
pushing four benches to one 
side . 



Keit: 






B « Free-standing students’ 
work-table 
K « Hippie Tank 



Arranged for Ripple Tank 

Ripple tanks need to rest on 
a vibration free sturface. The 
best sxirface of this nature 
is the floor of the laboratory 
or, where a lamp is required 
under the tank, on a rigid 
stand. It is also necessary 
to place the tanka (of which 
1C are shown) in a good liidit 
and out of tie shadow of the 
wall bench. A 75cm circula- 
tion gangway is left for the 
teacher between *the wall 
benches and the tanks. 



Arranged for Use of A.C. Power 

Power outlets are arranged in 
the backboards of the fixed 
wall benches (see figure l4 
and 15). In order conven- 
iently to use these outlets, 
the students' movable work- 
tables (Plate 1) are surranged 
along the wall bencle s thus 
avoiding vires trailing across 
the floor. I.Ofm is suffi- 
cient space between the 
movable benches . 
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?iiw of 4Q~pl«oo laborotoxy lit ffom 

both sldM tad orraagod for 

goomntl oqooriDieate (seo Flguroe 22 & 23)* 



Hguro 24 



fsee Figure S6 opposite) 



This labcratory, lit from one side only^ is suitable 
for hot-dry or for colder climates vhere cross ventilation 
is not only unnecessary -^or even undesirable. The labora- 
tory will probably be entered from a main corridor on the 
other side of which will be other teaching spaces* 

Due to the fact that light is available on one side 
of the laboratory only^ the width of the unit has been re- 
duced to 7.0m 80 that it will be suitable for use in 
situations where electric lights may not be available. 

Even with this reduced span, the illumination level near 
to the corridor wall will be very low and this wall is 
therefore used for storage cabinets. All experimental 
work should be arranged as close to the window wall as 
possible to obtain maximum illumination frem windows 
^ich should, however, be shaded from direct sunlight 
in hot-dry areas. 
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ARM m PUCfis 

Xiabaratorj 
AaeiUiXT i|«ceA 

Total araa par 
plae# 



2*2«aq»a« 

1 



3«4*sq*«« 



7.0 m 



3.0 m 



12.0 m 




4*0 ■ 



PXGttI 25 



corridor 
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lABORATOlIJ mmiWHE AimAHOBMEBTS 

* 

shewing hew fimiiUae etm be moved ae tha topic 

tsaaking mtiods oHame 

(see Hgitve 86 apposite and Figure 27 oserteaf) 



Arranged for Genercd 
Experimeata 



Arranged for Diocasaion 



Students' movable work- 
tables have been arranged 
as close to the window 
as possible, avoiding the 
under-illuminated area 
near the corridor wall. 
The tables are arranged 
so that no student sits 
with his back to the 
li^t. 



Tables have been pushed into 
the side and back of the 
laboratory so that chairs 
masr'be grouped formally 
or informally near the 
teacher's demonstration 
bench and chalk board which, 
if the room is decorated 
with li^t reflecting 
colours, should receive 
enouf^ natural li^t. 



Arranged for Flpple Tank 
Work 



Arranged for Use of A.C. 
Power 



Illumination in the centre 
of the room will be adequate 
for ripple tank work. To 
make room for the tanks, 
the movable tables have 
been pushed back to the 
walls .and a central 
passage left for the 
teacher. 



Five of the movable tables 
have been pttshed to the wall 
bench in which power outlets 
are located. The rearndning 
tables will receive power 
from two floor sockets. 



Vitir of 4<>-plooo libontossr lit trm 
000 oido aod omogod foar genoraX 
oipariMiito (too Figuros 25 & 26) 






Figaro 27 




20 “ PLACE LABORATORY 



(see Figia*e 26 opposite) 



The two ^+0"-place laboratories shewn in Figures 22 
and 25 have total areas per place of 3.8 and 3.U sq.m, 
respectively. This smaller laboratory requires i^,5 sq.m. 
per place and illustrates the rule that the smaller the 
size of a teachinf; group, the more expensive it is to 
accommodate it. 

4 

The laboratory is similar in character to that 
illustrated in Figure 25 and is suitable for use in hot- 
dry or cold climates. It has only one external wall 
which, in the absence of supplementary artificial light- 
ing, forms the main source of illumination. 

The equipment required for 20 students does not 
justify the provision of a separate store in what is 
already a very expensive facility. Storage cupboards 
have thus been arranged along the corridor wall and 
over” and ”under” storage cupboards would be provided 
on the cross wall facing the demonstration table. 
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LABO RATOm' FU BNTW m: AmAm EMENTS 

shewing how furniture can be moved ae the subgect 
matter and teaohifig methods ohxmge 

(see Figure 29 opposite mrd Figure 30 overleaf) 



Aarrange for General 
Erperiments 

llie illumination is greater 
nearer the vindow wall and 
least at the corridor wall. 
Tables, are therefore, placed 
as close to the windows as 
possible, leaving a free space 
for movement roiind each table. 
The students at the single 
bench away from the window 
might, for some experiments., 
be located at the fixed window 
bench. 



Arr^ad for Ripple Taiik 
Work 



Crood light on the tanhs, which 
are located on the floor, re- . 
quires that they be placed 
near to the window but out of 
the floor shadow cast by t>^^ 
vail bench. Circulation Sjurce 
for the teacher is also 
important . 



Arranged for Diaeussion 



Movable tables are pushed 
back and student chairs 
groiq^ed formally or infor- 
mally around the demonstra- 
tion bench 



Arrange d for us e of A.C, 

*1 % tm m tm >wi ■ I n m t n »ii mt m m 

Power 



All A.C. outlets are located 
in the fixed bench at the 
window. The movable tables 
are, in this ease, pushed across 
to the fixed bench to facili- 
tate electrical connections 
without trailing wire. 
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Plgcir* 29 




view of 20«*pXaoQ lit llom 

one 8ld<> and arranged for general 
experimenta (pee riguree 2d & 29) 



Figure 30 
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2 0 PLA CE LABORATOl^I 
(eee Figui*& SI opposite) 



This s^ler laboratory has the saiae area as that in 
Pifiure x*e» A *5 sQ,*in* per place* Xt is thus more ex** 
pensive per place than a laboratory for hO students. 

I 

The advantage of this laboratory is however » that it 
is Idt frw both long side walls with a resulting ia^roved 
distribution of illuB^nation* As it can be eros8**ventilated 
it IS pa^icularly suited for use in hQt**huaid climates • but 
if the windows were sealed and the external walls shaded it 
would also be fairly cdsfortable in hot, dry climates. 

As in the laboratory shewn in Pigxure 2fl, a separate 
store has been omitted. This might create difficulties in 
a very well-equipped school as there will be no dbove- 
bench storage along the window walls. In these circum- 
stances, it might be necessary to substitute storage cup- 
boards for the work-bench along the short wall at the 
opposite end of the laboratory from the chalkboard. 
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mA ?m Fucst 

ItaboratOKy 
AaciUtucj &p9tO0B 

Total area per 
place 



3*5«e(|*B 

1 

4«5«aq*B 
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LABOBATOnY PUmilTURE AJ^MmEMENTS 

ahowing hota furniture ean be moved ae the eub- 
jeot matter and teaohivtg methode ehange 
(eee Figure S2 S Figure 33 overleaf) 



kfmmmd tor general Arranged for discuasion 

experimente 



2?fee ill ian iaa'fciop ^ although highest For discussion the movable 

nearer the windows • is above the tables are pushed back a 

trdnimum required at all points in ' ' little and the student 

the laboratory* The movable chairs grouped fonnally 

tables can therefore be located or informally around the 

in the central portion of the demonstration bench* 

laboratory* They should be 

arranged so that light falls 

along the table and so that no 

student works in his own 

iihadoir* 



Arranged for 

With good light coming from both 
window- vaJiBt the ripple- tank' 
can be placed alternately on 
either side of the centrally 
arranged tables, leaving 
adequate passages for movement 
of both teacher and students* 



Arram^ed for use of A.C* 
power 

Power is available at benches 
on the long, window walls. and 
to avoid trailing wires, the 
movable tables are pulled 
across to join the wall 
benches* 
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of 20-plaoa lal^oratozy^ lit from 
both 8ld«0 and arrangod for genaral 
experiBoatt (aoe flguroa 31 & 32) 
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Figim 33 
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C H A P T g R 5 
aiiE PHXSICS UBOHATOHX STORE 



The problem of storage of physios teaching eqmipinent is 
sufficiently complex to warrant a separate che^pter in this study* 

It is significant that in every physics facility studied in the 
Asian Region, whilst very few make provision for a teacher ^s room, 
project room and dax*k room, all include a stcre for physics appa^ 
ratus* The average area of these stores is about of the area 
of the laboratory althou^ in some oases it is siibstantiaU^ more 
rising in one or two countries to a quarter of the laboratory area* 

The reasons for this will be clear from a study of the appen* 
dices to this paper in which are listed the items of equipment 
normally found in a very well-supplied school and those In a 
school working with a minimum amount of equipment* The list for 
a well-supplied school totals some two thousand Items* An ade- 
quately but less well-supplied group of schools in the Region had 
sose 224 items to be stored* 

One of the points to be noted in the design of storage space 
for a laboratory is that new equipment and apparatus is aliiays 
being added either by increasing the zaumber of items issued from 
'Official sources or by the is^rovisation and construction of 
equipment by tlie teacher and students* Thus, in a country 
presentiy issiaing 224 items of equipment for physics teaching, 
it may be assumed that as time passes and the amount of money 
invested in education slowly increases, equipment and apparatus 
will also be supplied in greater quantity* Space should be pro*^ 
vided In .aH. new buildings against this eventuality* 



5.02 ahSL.natwr* .of ±%ma to. be. storfld 

Most teachers prefer to stoi*e apparatus grouped for con- 
venience as follows s- 

a) CoMfKUily used It^as near to the tables in the labors^ 
tory or, if kept in the store, near to the issuing 
batch (Figure 16} or the door to the sto3?e where a 
hatch is not provided* This saves labour and time* 
Ccrmaonly used items would include metre scales, 
connection wires, tools, retort stands, pins, 
needles, rubber tubing and the like* Most of 
these items can usefully be stored in drawers and 
thus the bench on the store side of the issuing 
hatch should be fitted with at least two drawez*-^ 
units of the type shewn In figures 15 and 16 * 



b) Cupboards^ draviera and shelves tmder subject head- 
ings such ae isech<^Llce^ heat^ lights m.'ve laotion 
and electilcit3?0 



c) »3helves oS ©ssent5.al cheisle?ilF * 

In keening the it^iaas listed in (b) above, it wiiLl be found 
that thej?' ps»esent sevsra.1 storage probleats* First, they will 
falXjj, by siee, into two groups, some items such as Xenaea, being 
sufficiently s^xll to keep in dravrers and others such as aspi- 
rators, balances, boakers *md the like reqtilring shelves or cup- 
boards* Second^ and in particular In the huniid tropics where 
humidity is always high, there will be items that need protection 
from corrosion, etching (in the case of leases) and from 
more general fmgus and insect attack in the case of paper* 

1 f 

To some extent, cross-ventilation may retard fungus attack* 
Ventilatl^ will, on the other hand, provide a good supply of 
moist air which could increase rather than decrease the corrosion 
rate* 



The probl^ can be solved somewhat by keepixig lenses axid 
other optical glasswear in dessicators stcsred on open shelves, 
by keeping corrosion-prone appaardtue in cupboards Htted with . 

40 watt lamps - the heat from which will reduce the risk of coi>* 
densation, and by keeping other Items for . which there is insuffi- 
cient warmed cupboard space. In large glass bottles with greased, 
screw tops* Items such as paper and cloth pads can best be 
stored on open shelves in the draught provided by cross-ventilation* 

From the foregoing it will be seen that storage fitments in 
the humid tropics w^ll comprise a few warmed cupboards, two or 
three drawer-units and a great deal of open shelving* The sene 
pattern can also usefully be followed in stores constructed in 
other climates* Whatever the climate, the storage facility is 
likely to be of less importance as a factor assisting in the 
maintenance of equipment than the constant care of the labora- 
tory attendant* At best, a well designed store will make his 
work a little easier* 

03 

a) Sban ahelTring 

Equipment to be stored on open shelves would require 

the following areas t- 

1) From Appendices I to VI inclusive, about 

200 square feet of shelving* 

2) From Appendix FIX (the fidniMum list) about 

50 square feet* 

A variety of shelf widths and heights should b& 
provided. 



- 71 -> 7Z^- 



Some 15cm wide shelving with a height of 
about 15 cm between shelves is useful for boxes 
of small items such as slides* corks and the 
like, 20cm shelves of the same height are use- 
f*ul for bottles of chemicals. UOcm shelves with 
a shelf hei^t of 50cm will be suitable for 
balances* transformers and other similar larger 
items . 

b) Drawer units 



The drawer units shewn in Figures 15 and 16 
should be provided on a scale of six for a well 
stocked store and two for a store with minimum 
equipment. The wo!rk top over the drawer units 
will be useful for assembling sets of equipment 
prior to issue to the students. 

c) Ordinary cupboards 



Especially sensitive or particularly valuable 
equipment should be kept in locked cupboards. Two 
full-hei^t cupboards would be needed for a well 
equipped laboratory and one for a laboratory having 
the minimum equipment. 

d) Warmed cupboards 

A warmed cupboard 1 .60m wide and 60cms deep 
with double doors should be provided. The bfiwik 
and sides of the cupboards can be lined with 30cm 
wide shelves leaving a space in the centre in which 
the air warmed by two 1^0 watt lamps in the bottom 
of the cupboard can circulate. 

e) Hanging boards 

Certain items such as Fortin's barcaneter and 
Young's modulus apparatus can best be hung up on 
the wall of the store. A 1m square board with 
strong hooks will provide storage for such items. 
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APPEmiX 1 



TOOLS FOB REPAIRim AED MAKING APPARATVS 



Borers, cork 
Brace, with ratchet 
Brushes 

Calipers, inside end outside 

Chisels 

Cold 

Wood 

Drill, electric 
Drill, hand 
Drill, press 
Drills, set of carbon 

Files 

Plat 
Round. , 

Triangular 

Glass cutter 

Grinder, bench type 

Hemaers 

Ball pein 
' Claw 

. Knives 

Electrician's 

Putty 



Level, carpenter's 
Nail set 
Oil caps 

Oilstone 

♦ 

Paint 

Plane, black 

Pliers 

Combination 

Longnose 

Punch, center 

Ruler , bench 

Saws , hand 

Scissors 

Scraper, hand 

Screwdrivers; aeleot for size, 
type^length of shaft 

Sharpener, cork borers 

Soldering tools-. 

Iron 

Electric 

Square, carpenter's. 

Toolboard, silhouette 
Vise, U” jaws 
Wrenches 
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APPEWIX 2 

fmmmmmmmmmrnmmmmmm 



APPAHATUS FOR PHYSICS TEACHING 




Physiee Item 



Phyeic i} 



Acceleration 'board. Duffs 1 

Acoustic tu'bes, set 1 

Adhesion disks, glass 1 

Air pump and plates: seteot . 

Hand pump ^ 

Vacuum aad pressure, 
electrically driven, * 

Air pump plate with stopcock 1 

Air thermometer bulb l6 

Ammeters: eeleot 

for variety of ranges, A.C. 



& D.C. A»C; portable 
laboratory type: 

0-2 or 0-5 amp 1 

0-10 or 0-15 amp 1 

, 0-1 amp 1 

D.C* Millemeter 1 

D.C. 0-2 or 0-5 sap 1 

D.C. 0-10 or 0-15 catp 1 

DiC, Triple range 1 

Ampere's frame app. 1 

Ampere's rule. app. 1 

Anemometer model 1 

Balance: 

Beam, single, heavy duty, U 

cap. 2000 g, 

* Beam, triple 



cap.l6l0 g. aeneivity 0.05 g 1 



Plat face or linear 

500 g. l6 oz. 32* 

Balance support for epeeific 

gravity detemination 1 

Balls and ring, to shew 

expansion t 

Bails vhite 16 

Bar, compound 1 

Bar, soft iron 32 

Barograph 1 



Barometer; aneroid 5 inch 1 

Barometer, mercury 1 

Barometer tube, 

glass' with thick wall, 
approx. 80 cm long with 
mercury cup and pipette 1 

Batteries and cells 
Daniel cell 
Demonstration cell 
with porous cup and 



elements, 8 

Storage 45-volt.^ 1 

Battery jars: eeleot 

pint 16 

Bell, electric 16 

Bell in vacuo, with jar aad 

suspended bell 1 

Bell jars: eeleet 

Open form 1 

Straight form, 2 to U«1 1 

Blocks, wooden, 

rectangular l6 

waterproofed 

Loaded 32 

Normal weight 32 

Boyle's law apparatus eeleet 
Flexible tube form 1 

Iron 1 

Bucket and cylinder, 

Archimedes' principle 1 

Burettes; eeleet Oeissler 30ml 
Burners: eejeot 

Alcohol or Bunsen 12 

Calipers to 

Micrometer, 0«25mm 

by 0.01mm id 

Vernier, 12cm metric ^ 

Calorimeter: eeleet 

Aluminium or brase, polished 
with stirrer aad cover Id 
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Item Phyeios 

Camera ‘ 1 

Camera obscure (pinhole) 1 

Candle holders 9 to slide on 

meter candles stick 16 

select 

Capillary tubes, set 1 

Cathode ray tube, demonstra- 
tion form 1 

Cathode ray tube, magnetic 

effect 1 

Catskin 

Center of gravity apparatus 1 

Cart, dynamics 16 

Charles' lav tube. 

Waterman form 1 

Choke coil and resonance 

apparatus 1 

Clamps 

' Burette 

Double 16 

Mohr's (pinchclemp) .16 

C-clamp (U"3*’2”) 

Universal, swivel l6 

Cloud chambers 1 

Cobalt glass plates, 2x2’’ 1 

Coil, introduction, primary 

and secondasry: select t6 

Compasses, magnetic: select 

25mm diameter l6 

b5mm diameter 16 

Composition of force apparatus: 
Board, with spring balances 6 ’ 
Table, graduated aluminium 
top 16 

Conductivity of solutions 

apparatus 1 

Connectors, double, brass l6 

Constant level tubes: selsot 

Coomtunicating veisels 1 

Convection apparitus, box with 
chimneys 1 



Item Physics 



Convection of liquids 

apparatus 1 

Crane boom apparatus 1 

Crooke's tube 1 

Cubical expansion apparatus 1 

Cylinders: select 
AluminiiM 
Brass 

Copper 16 

Steel 

Water - proofed wood 

Dewpoint apparatus 1 

Diffusion of gas apparatus 1 
Diffusion of liquids 
apparatus 1 

Discharger , electrostatic 

jointed type 1 

Dishes 

Evaporating 

Porcelain 16 

100mm diameter 

Disks , acoustic 1 

Disks, color 1 

Dosi meter (with adapter) 16 

Dynamo, hand-powered 1 

dissectible 1 

Dynamo and motor set 1 

Electromegnets : select 

Commercial form 1 

y-form 16 

Electroscope: select 

Metal box 16 

Electrostatic demonstration set 1 

Flashlight 16 

Fluorescent tubes 2 

Fluorseope 1 

I 

Galvanometers: select 

D' Arsonval 1 

Demonstration 1 

Portable 16 

Tangent 1 
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^teiv Physics 

Gas engina, demonstration 
* model 1 

Gasoline and Diesel engine 

working model 1 

Gei/xer counter 1 

Gyroscope: select type 1 

Hc.)ke*s law apparatus 16 

Hot plate, electric 1 

Hydraulic press model 1 

Hydrometers; with jar 1 

Demonstration 1 

universal 1 

Hydrometer, wet and dry bulb 1 

Illuminator 16 

Inclined planes; select 

Board with pulley 16 

Index of refraction plates 1 

Inverse square illustration 

frame 1 

Jack, screw model 1 

Kilowatt hour dial 1 



Item Phusi 



Mechanical equivalent of heat 
apparatus 

Meter, stick, English and 

metric i6 

Mirrors, select for material 
and shape Cylindrical, 
concave and convex, metal 1 
Plane, glass, 10 x 15cm • l6 
Spherical 



Concave and convex glass or 
metal* for optical bench use 

Demonstration, glass concave. 



UOcm diameter l 

Demonstration, glass concave, 
J*0cm diameter i 

Monochromatic flame attachment 
for Bunsen burner l 

Motor - generator set 1 

Ne\rbon*s ring apparatus 1 

Optical bench, \n.th accessories 16 

Osmosis apparatus: select 

Members bag i 

Pack dry ice 32 



as 



Lang)8, electric, glow Neon 16 

Lenses: select for type 

diameter, and focal length 
Double convex set, eon- ^6 

aisting of coneavciconvex, 
convexo-concave; double con- 
cave, double convex, plano- 
concave; and plano-convex ^6 

Levers: select 

Simple (meter stick) 16 

Leyden jar 1 

Light source, parallel 

rays, select 16 

Linear expansion apparatus 

select Cowan form 16 

Magnets: select for type and 

size 32 

HoreWe®"' i6 

Magnetic needle and support 

Dipping 1 

Horizontal 1 



Photometer: select 

Bunsen form ^ 

Platinum wires, with glass handles! 

Power ^it, electric 4.e. input, 
variable output, a.c. and diC. 1 

Prisms: select 
Equilateral 
Right angle, flat 

Protractors: select 
Brass 

Plastic 

Pulleys: select 
Single ) 

Double ') 

Triple ) 

Quadruple ) 

Rectifiers: select 

Dry plate 1 

Tungar 1 

Refraction cube 1 



16 

16 

12 

16 



16 
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P* 



Item Physios . 

Refraction tank, vith 

protractor 1 

Resistances , electrical , 

se “Leot ^ 

Resistance board * 



Resistance box plug form l6 

Resonance tube, red and 

piston 1 

Rheostats ; ( 6-ohm ) 1 6 

Slide wire 

Ring stands with three 

rings: select * l6 



Rods for expansion apparatus: 
ee leat 
Aluminium ) 

Brass ) 

Copper ) 

Soft iron ) 

Steel ) 

Screens, for light source: 
select 



Double slit ^ 

Single slit 1 

Second law for motion apparatus 16 

Silk pad 16 

Sockets, electrical: select 
Standard 



Item physics 

Steam engine, select 

Demonstration, cut-away 1 

Stop watch, select 

Stroboscope (hand) 

Support select 
(motor driven) 



Lamp socket 

(for meter stick) ^6 

Surface tension apparatus 1 

Switches, electrical select 
Knife 

Single pole 
single throw 
Single pole 
double throw 
Double pole 
double throw 

Tank, ripple (with stand) l6 

Telegraph set: key, sounder, 

relays 2 

Telephone set; receiver, 

transmitter 2 

Telephone induction coil 2 

Thermostat, bimetallic 

adjustable ^ 

Transformer , demonstration 1 



Sonometer: select 

Sprint tension, key tension, 
or weight tension type 



Advanced type 1 

Simple type \ 

Specific gravity bottles: 

select for size 1 

Spectroscopes, select 

Direct vision ^ 



Spectrometer with grating 

Spring, spiral, for wave 
.motion 

Spring 2cm diametdr by 15cm 
long 



Tubes 

Resonance 

Tuning forks, select 

one active, set '> 

sympathetic, pair mounted on 
resonance boxes ^ 

Vacuum discharge tube 1 

Voltmeters: select 

A.C. Voltmeter to 300v 
Singl? scale 1 

Double scale 1 

Triple scale 1 

D.C. triple scale, portable, 
laboratory type 1 .5-3-30v l6 

D.C. triple scale, portable 
laboratory type 1.5*15"150v. 1o 
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Item Physiae 

f/atch glasses: select 

by size 7.5cm difimeter 32 

Wave generator, 

with -support 16 

Weights: select 

General laboratory, in block 

1 to 500 or 1 to lOOQg, set 6 

Wheatstone bridge, slid wire form l6 

Wheel and axle 1 

X-ray tube 1 
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MAmiALS AND SUPPLIES 



Air pump tubing 

Aluminium foil 

Asbestos, mats 

Asbestos, rope, sheet, or 
shredded 

Battery, ”B”, U5v 

Bealcers, round and flat bpttoms 
select by size 
250 ml. 

600 ml. 

1000 ml. 

Bottles, glass: 
select Balsam 
Droppiixg; Barnes* 

Schuster’s 
Narrow mouth 

2, U, 8, 16, 32, oz. 

' Narrow mouth glass 
stoppers 
U, 8, 16 oz. 

Narrow mouth glass 
stoppers, regent 
bottle, U oz. select 
by number of sets. 

I&de mouth 

2, 4, 8, 16, 32, oz. 

Belts and nuts, select 
Variety of diameter and 
lengths 

Brush, beaher 

Brush, test tubes 

Carbon 

Cellophane sheets, select 
Clear 
Coloured 

Celluloid sheets 

Cement, select 
Airplane 
Aquarium 
DeKhotinsky 
Household 
Rubber 



Clay, modeling 
Clothes pins 
Copper 
Cord, cotton 
Cord, pulley 
Cork 

Developer, photographic, select 
Variety of formulas 

Dry cells 

Flashlight Ni.6: 

Enlarging paper, photograph^ 

Erlenmeyer flask 
290 ml. 

Volumetric 
250 ml. 

Files, triangular 

Film, photographic, select by 
camera available and purpose 

Fixer , photographic 

Flasks, pyrex, select 

supplies purpose and size: 
Boiling, flat bottom 
250, 500, 1000 ml. 

Foil 

AluminiiM 

Gold 

Friction tape 

Funnels, glass: select 
diameter 
75mm diameter 

Fuse wire 
Gauze, wire 

With or without asbestos centre 

< 

Glass sheet 

Insulating material, heat 
Iron filings 
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lAbels, gummed 

Lamps, electrical 
.. miniature l v 

Lead 

Medicine droppers 

Membranes, osmosis 

Metal sheet, eetect 

Altimiiiium, copper, lead 
zinc 

•Nails, eeleot by type and 
size 

Oil 

^ , Lubricating 
Paint 

Paint brushes 

Paper select 
Graph 
Lens 
White 

Paraffin 

Paste 

Plastic sheet 
Print paper, photographic 
Pumice powder 
Sandpaper 

Screws, select by type and 
' size 

Round-head and flat-head 
Wood, machine, and 
threading 

Screw eyes, assorted 

Sealing wax 

Soap 

Sponges, select 

Natural and manufactiured: 

Steel wood 

Stirring rods, glass 

Stoppers, select by aualitu 
eand size 

Cork, size 000 to 26 
rubber, 00 to 13 



7acks . 

Carpet and thumb 
Tape 

Cellophene and gummed 
paper 

Thread, cotton 

Tubing^ rubber select by 
inside dimeter^ quality^ 
thickness of wall 
Diameter i to 
Quality: white, red, black 
Wall thickness* thin, medium 
heavy 

Vaseline 

Wax 

Sealing 

vacuum 

Wire, select by quality, sine, 
insulation stpocnding 

Quality: copper, iron, steel, 
ni chrome, German silver, ' 
alluminium, brass. 

Size, No* 10 to No*36 

Zinc 
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CffEMICALS FOR PHYSICS TEACHING 



Glue, quick-drying 



Ether, ethyl, pure 



Acetamide, pure 
Acid, citric, CP 
Acid, hydrochloric, CP 
Acid, s\U.phuric, CP 

* r 

Alcohol, ethyl, denatured. 
Aluminium metal, loll and povder 
Ammonium hydroxide, CP conc« 
Ammonium nitrate, granular, CP 
Ammonium chloride pure 
Calcium 

Carbon disulphide, pure 

Carbon Tetrachloride, pure 

• ♦ 

Copper metal, sheet 

Copper (ic) sulphate, crystals, CP 

Cupric Chloride 



Lead metal, sheet 

Mercury metal, tech. 

Methyl alcohol 

Napthalene flasks 

Nickle ammonium sulphate, pure 

Paraffin (liquid) 

Potassium permanganate 

Potassium chloride 

Sodium chloride, white fine, p\ire 

Oline acid, pure 

Sodium chloride, white fine, pure 
Sodium nitrate, CP 
Strontium nitrate, pure 
Zinc metal, sheet 



Dry ice 
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AUDIO-VISUAL EQUIPME.^T AND SUPPLIES FOR PHYSICS TEACHING 



Cameras : se teat 



35nmi 

Box 

Charts: select (the titles given are representative of a targe number 

cf single charts and sets) 

Acoustics 
Astronomy 
Atomic s^^r^cture 
Color 

Electromagnetic radiations 

Metric system 

Physics 

Exposure meter, photographic 
Film splicer, 16mm 

Filmstrips: select (the titles given are representative of a wide range) 

Air, Ocean 
Atmosphere 
Atomic Energy 

Cloud Formations and Air Masses 

Current Electricity 

Electricity 

Electromagnetism 

Energy 

Fire and Heat 
Flight, Theory of. 

Forest Conservation 
Hov Young Birds Get Food 
Liquid Pressure 
Simple Machines 

Microphones 

Carbon 

Crystal 

Models: select (the titles given are representative of a wide range) 

Airplane 

Engine, diesel, gas, steam 
Planetarium 
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Motion Picture Films: BeUat (the titles given are representative of 

a wide range) 

Atomic Fner?^y 

Electricity f The Flow of Endocrine Glands 

Energy and its Transformations 

Hatter and Energy 

ooiiTid V/aves and Their Sources 

Uri'/erse, Exploring the Unseen Worlds 

Vacu'um Tubes 

What is Science? 

Projection ceil, j-atiteu-n slide 

Projectors; 

Fi'lmstrip 

Filmslide 

Lantern slide 

Mi c r opr oj ect or 

Motion picture projector 

0|)spue Projector 

Radio Receiver 

Recorder., with playback for recorder and recordings 
Screen, Projection 
Slide-making set, Lante]?n 

Slides, Lantern, sets; select (the titles given are representative of 

wide range of sets of lantern slides) 

Atoms, Isotopes, and Radioactivity 
Electricity, Fundamentalc of Food 
Heat and Fire 
Light 

Light, Fundamentals of 
Machinery 

Machines . Fundamentals of 
Sound 

Static Electricity 
Speciir.ents, Biological; select 

Tackboards 



Television Receiver 
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DARKROOM EQUlPMEflT 



Balances and weights 
unlarger, photographic 
Film ci:.ps 
Graduated cylinders 

I 

Lamps, darkroom 
Print box 
Print drier 
Print frame 
Print roller 
Stirring paddles 
Suspension wire 
Tank, developing, day-load 
Thermometers 

Timfer, interval, with bell 
Trays, developing 
Trimmer 

r 

t 

! 

{ 

f 

I 



o 
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■.MINIMUM LIST OF EQUIPMBljT FOR PHYSICS TEACHING 



Des<n*iption 


De tai led Speoifioatione 


Standai^ 


of Ar»tiole 




Quantity 


Balance Spring 


To weight 500gm, division of 5gm. 


1 


Balance 


Sliding weight triple beam, load 2kgm, 
with sensitively Otigm. 


1 


Balance Student 


Maximum load 250gra's; Sensitivity 5mgms. 


3 


Barometer, Fortin 


- 


1 


TjTpe 

Barometer, Aneroid 




1 


Burette 


50cc. divided into 1/10cc 

» . 


1 


Cylinder Measur- 






ing 


Graduated 250cc 


6 


Hydrometer 

Microscope, 


Universal type 


1 


Vernier 


- 


1 


Ppisometer 


- 


2 


Spherometer 


mm 


2 


Hygrometer 


Danielles type 


1 


'Themopile 


Comprising about 20 pairs of Bismuth, 
Antimony 




Photometer 


Rumfords 


2 


Photometer 


Bunsen form 


2 


Spectrometer 


- 


1 


Ammeter 


Moving Coil, 0-5 amps. 


2 


Dip Needles 


i*” long 


1 


Electroscope 


Two pith balls 


1 


Galvanometer 


Tangent 


2 


Galvanometer 


Unipivot 


2 


Magnetometer 


Vibration, cylindrical magnet 


2 


Magnetometer 


Vibration, with brass torsion head 


2 


Post Office Box 


- 


1 


Potentiometer 


Comprising 4 constantan or Nichrome vires 


1 


Voltmeter 

• 


One mtttr reading 0-5 volts 


f 


Wheatstone Bridge 


Moving coil. 


2 ' 

t 


Burner 


Bunsen type 


20 


Model 


Set of Solids - Geometrical 


2 sets 


Vernier 


Demonstration 


1 


Conductivity 

Apparatus 


Searle*3 


1 
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D&sQ]:*ipt‘icn of 
Avtical 


Df! tatted Speaifiaatzons 


Standard 

Quantity 


Leslie’s Cube 




1 


Chart of the 


Coloured eye 


•m 


1 


Newton’s Colour 
Disc. 


Mounted, on metal stand with driving 
wheel and belt 


1 


Bench Hydrostatic 




1 


Boyle’s Law 
Apparatus 




1 


Hare’s Apparatus 




2 


Pulley Double 


Aluminium, Tandem 2" & tJ” 


2 


Pulley Triple 


Aluminium, Tandem 2” &; & 1” 


2 


Pulley di f f er- 


ential 


Laboratory type 


1 


Slide rule 


12" high quality 


1 


S.G. Bottles 


50cc 


6 


Young’s Modulus 


Searle’s pattern 


1 


Apparatus 


Steam Heaters 


m» 


2 


Glass cubes 


Glass thin-walled, hollow 6 x 6 x 6 cm 


3 


Prisms 


Luted, hollow, equilateral 


1 


Hundt’s Apparatus 


- 


1 


Organ Pipe 


Met el 


1 


Tuning forks 


Set of frequencies - C.D.E.P. G.A-E.C.(oct) . 


2 sets 


Accumulators 


2 volts, 60 A.H. Capacity 


3 


Butterfly Net 


Faraday ’ s 


1 


Calorimeter Joule’s 




1 


Condenser Air 


- 


1 


Elect rophorus 


•m 

♦ 


1 


Induction Coil 


Ruhmkorff ’s 
Magnet 


Bell-ended 


1 

2 


Elect r o-Magnet 


- 


1 


Hod-Brass 


About 12" long 


1 


Rod-Ebonite 


About 12" long 


• 

1 


Thermo Couole 


- 


1 


Unspun Silk 


- 


1 reel 


Volta meter 


For decomposition of water 


1 


VJimhurst Machine 


tm 


1 
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eecyHp t ion 
'f Artical 


■Ae tail e i rpecif-iaation 


Standara 

Quantity 


lc;aLk<?rj? 


Hpe ^ted 13c ce 


1 h 


■'■^akcra 


Pnr. ited lOC-t cc 


h 


jar 


Ht. about , internal cliam. about 6*’ 


2 


. OSS Heads 


'ietaj 5 Universal 


6 


.lamps 


Metal , Uni versa! 


6 


.'iip-Eurette 


Mohr’s .small 




r'iasks 


Flat bottomed, short-necked, medium-wall 500cc 


6 


■* oot Bcl-ovs 




1 


annuls 


Diom, about 5” 


k 




Dir^m. abc-ut 6” 


U 


Pipettes 


.’anacity lOcc 


2 


* ana,.* ~ Burette 


and Funnels 


- 


6 


tancls - 


Babe ratory 


- 


6 


tanc - 


tripod 


Ml 


8 


’ost tubes 


Hodf4 Glass, with rim, 6*' long diam. I” 


18 


*.«3t tube 


holders 


•m 


9 


'r roughs 


dim. ".5" 


1 


Wire Gauze 


6 " X 6 ” 


10 



nip.LioG}^Apny 



bibliograp'n;/ ir, arranged in five sections: Courses, 
Cur'^lculr a;jd C'yllabu.ie; fo'” j-bpruari Eiucation; Ph/sics Teach* 
ing in Stficond Leve.l ?vi!icov.s; Physics Buildings and Facilities; 
Lists 01’ Jhiysics ^icoip-v'nt ; '*.nd, '’tie Physical Environment of 
uhe Laboratory. 



To avoid renet.'tior .•if oitlor , each reference is listed 
only once, but many cf the boohs mentioned are relevant under 
more than one heading. !Hny publications dealing with physics 
teaching also ci ver the design and layout of the physics labo- 
ratory; nearly all books, on either xjhysics education or labo- 
ratory design contain lists of essential equipment - and so 
f ort h • 



Whilst seme of this Institute’s papers are mentioned 
specifically in this Bibliography others are also relevant to 
the topic. A list of the Int^titute's publications may be 
found on the back of the title-p/age of this Study and ntny 
are still available, Eor Asian librarians and others inter- 
ested in school building it is worth mentioning that some of 
the other material in the Bibliograjjhy is available free, or 
on exchange. The Institute would be happy to direct inquirers 
to the source where possible. 
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grammes de I’enseignement secondaire Khmer, 
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Pro- 
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terms), *Hh term (2nd year), 5th term (2nd year), 
6th tenn (2nd year), Colombo, 1964-7, [av] 
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buses in science subjects, Ceylon General Certi- 
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ficate of Education (Advancedljcvel) Examination. 
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COVBSES^ CVnniCVlA and syllabuses for physics Caontd.) 

INDIA. National Council of Educational Research and Training . 
Physics. Part 1. Curriculum guide. New Delhi, 196?. 
31p* (Science for middle schools) 

— Part 1. Teachers guide. New Delhi, 1967. ^3p. 



INDIA., National Council of Educational Research and Training . 
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35p.,bibl. 
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« 
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80p., illus. 
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2. PHYSICS TEACSma m SECOND LEVEL SCHOOLS (contd, ) 
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Africa. Paris, Unesco, 1963. 7S^p*» illus. 

EDUCATIONAL SERVICES INCORPORATED. IPS Group . Introductory 
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Rev (2nd)ed. .Londor*, John Murray, 1958 (repr.. I 966 K ^274p., 
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» I « 

NUFFIELD FOUNDATION. Science Teaching Projec t, Chemistry background 
books; the discovery of the electric current, London/Hafmondsworth , 
Longmans /Penguin, 1967* 

— Nuffield physics; guide to experiments. London/Hamondsworth, 

Longmans/Penguin, 1967 . 5 pts. 

question books, 1-4. London/Harmondsworth, Longmans/ 

Penguin, 1966 . 4 pts. • 

i teachers ’ guide , ‘ 1’ 3 . ’ London/Harmondsworth , Longmans/ 
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UNESCO. New trends in physics teaching / Tendances nouvelles 
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1 
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Planning Mission for the Technical Assistance Project in India 
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Science and mathematics education in Indian schools; report. ^ 
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INSTITUTE OP PHYSICS. The design of physics research laboratories; 
a syn^osium held by the London and Home Counties Branch of the 
Institute on 27 November 1957. London, Chapman and. Hall, 
1959. 108p., illus., bibl. 
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3, PHYSICS. BUILDINGS AND FACILITIES (eontd.) 



MARTIN, V^ EDGAR. Facilities and equipment for science and 
mathematics; requirements and recommendations of state de- 
partments of education. Washington, D.C., 19^0. 130p., 

illus. (U.S. Office of Education. Misc. no. 34) (U.S.Dept. 
of Health, Education and Welfare. 0 E-21000.) 

MUNCE, JA!®E F. Laboratory planning. London, Butterworths , 
1962 . 3^0p., illus., bibi. 

NATIONAL COUNCIL FOR SCEOOLliOUSE CONSTRUCTION.. Guide for 
planning school plants. 19^4 ed. n.p., 19^5. 15^p., 

illus . 

NEW YORK ( state ). Education Department . Division of School 
Buijdlqos and Grounds . tPublication^ Planning science 
facilities for secondary schools. Albany, 19^0. l6p 
illus • 

PAU4ER, R. RONALD md RICE, ^TILLIAM MAXWELL. liaboratories & 
classrooms for high school physics. A report of the ^erican 
Institute of Physics* Project on Design of Physics Buildings. 
New York, Educational Facilities Laboratories, n.d. ^ 31p., 
illus., bibl. (Case studies of educational facilities, ?.) 
Chanter 12 of ; Modern pl^sics buildings; design and function. 

— Modern physics buildings; design and function. A project of 
the American Association of Physics Teachers and the American 
Institute of Physics. New York, Reinhold Publishing corp., 
1961. 324p., illus., bibl. 

SAVAGE, Sir GRAHAM. The planning and equipment of school science 
blocks. liondon, Murray, 7&p., illus. 

SOUTH AFRICA. National Building Research Institute . School Build- 
ings Committee . (School Building series; reporlQ 
ontwerp van klaskamers en spesiale kamers vir hoerskole / 
Planning of classrooms and special rooms for high schools. 
CPrctorieO 1962. 68p. , illus., bibl. (C.S.I.R. research • 

report, no.l48.) 

STANFORD. UNIVERSITY. Sehpel of Education . Educational adminis- 
tration monographs, nok2: Science facilities for the modern 
high school by Paul deK'. Rurd. Stanford, Calif., 1954. 

52p., illus. 

UNITED STATES. Office of Education . • Special publication no.5J 
The secondary school plant; an approach for planning fUQOti^Bal 
facilities, by James L. Taylor. [Washington, D.Cj 19$6, 
60p., illus., bibl. 



4. LISTS OF EQUIPMENT FOR PHYSICS UBOEATORIES 



(Apcvpt fvm the few publioati-ons listed below ^ and those from 
other seations above which contain lists of equipment^ the 
authors also studied many trade catalogues and leaflets con- 
taining physics equipment and furniture in order to be fully 
aware of the range ^ variety j. size and storage problems of 
physics equipment. ) 



HEW ENGMD SCHOOL DETELOPMEHT COUNCIL. 
.Annual report, 1st, ;9!>9. Boston., 



Industry Aids to Education . 
Mas s . .j i960. 46p'. , illus . 



UNICEF. Guide list EFE; eqrdpraont and supplies for primary 
schools, secondary schools, teacher training institutions, 
production uriits.' ' Hevr York, l8Up, (iJnicef. 

S U N 0 - 20) • 



ygg PHISICAL BNVWOmEfrr W THE LABORATORY 

AECHITECxURAL association. Paper, no.1 : Roofs in the warm, humid 
tropics [hyl 0. Koenigsherger and R. Lynn. London, XiUnd 
Humphries, 19^5. 56p. illus. , Dihl. 

ASIAE REGIOML INSTITUTE FOR SCHOOL BUILDING PJSSEARCH. Occasional 
papers j school hui.lding no. 3; Ccanparatlve anthi’opometric data 
A - For use in Indian schools, hy D. J. Vickery. Bangkok, 
Unesco Regions, 1 Office for Education in Asia, 1961^. 5p*9 

illus., hihl., tables. 

noJf: Comparative anthropometric data, B - For use in Thai 
schools, by D. J. Vickery, Bangkok, Unesco Regional Office for 
Education in Axia, 1964. 1^p. , illus., bihl. , tables. 

t 

no. 5: Comparative anthropometric data, C ~ For use in Indo- 
nesian schools j, by I). J. Vickery. Bangkok, Unesco Regional 
Office for Education in Asia, 1964. 12p., illus., hibl. , 

ta.bles . 



— — no. 6: Comparative anthropcsaetric data, D - Application 
of data, by D. J. Vicker;/. Bangkok, Unesco Regional 
Office for Education in Asia, 1964. lOp., illus. 

— — — no. 8: Comparative anthropometric data, E - For use in 
Philippine schools, by the Philippine National School Building 
Development Group, Bangkok, Unesco Regional Office for Edu- 
cation in Asia, 1964, lOp. , ia.lus.5 bibl. 

— Comparativo anthropometric data for use in East Pakistan 

schools, by D. J. Vickery. Bangkok, Unesco Regional Office 
for Education in Asia, 1966. l6p., i3.1us. 
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INDIA, Central Building Research Institute , Roorkee , Building 

digest, no.'40: Fenestrations for daylighting, in the tropics. 
Pt.I: The sky .component. (Compiled by V, Narasimham. Roorkee, 
1966.) 8p., tables, graphs. 

JAPAN. Ministry of Education . Educational Facilities Division , 
School buildings in Japan. Tokyo, 196?. 121pi, ilius. 

McCracken, earl C. and RICHARDSON, MARTHA.' Human energy expen^ 
ditures as criteria for the design of household storage faci- 
il-i'ties. Journal of home economics , v.51 , no. 3 (Mar) 1959, 
p. 198-206 

4 , 

SOUTH AFRICA. National Building Research Institute . [School 
building series, report] no. 10: School lighting, by 
W. M. H. Rennhackkamp. Pretoria, I 96 U. ^+7p., ilius., 

tables, bibl. 
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accomi40Datj;on 

Standards see STANOAI’DS 
Accommodation 

AGE-RAi^GE 

Second-level schools, 1 

ANTHROPOMFJTRICS 

Asian children, 13“l8 

AUDIOVISUAL EQUIPMENT, 82-3 

BATTERIES 
Stora^^e, 31 
Use, 2k, 31 

BENCHES see DEMONSTRATION 
TABIiS, WORK-TABIES 

BOOKS 

and Bags, 3^, Via, 28 
Shelves, 35, Hg,29 

Storage, 3^-5, ^^-5, Figs, 28-18 

CART, Mobile see MOBILE CART 

CH/iRTS AND DIAGRAf4B 
Display, 3^ 

Storage, 36, 41+-5, Fig, 20 

CUSSES 
G,roapin#:, ?T 
20-place, 56-6? 

4o~place, U4-55 
Sixes, 40, 43 

CLIMATE, 21-3,39,43 
Cold, 90“6 i 
D ry, 50-61 
Humid, 44-9, 62-T 

CHAf'tPIHG 

Working surface for, 31, 

Fig, 22 

CUPBOARDS 

Ordinary, 69,71 
Wall, 32,44-5,50-7,71 
Warmed, 70,71 



DARK ROOM, 40 
Areas , 42 
Requirements, 42 

DEMONSTRATION TABIE, 37,44-5, Fig, 22 
see also STUDENT PROJECTS 
Work-tables 

DEMOnSTRATIONwS , 1,9-10 

DIMENSIONS 
Areas, 40~3 
Body sizes, 13“18 
Furniture, 13-13 

DIRECTED READING, 11-12 
Shelves for, ^2, 35, Fig, 29 

DISCUSSION, 1 ,5,6,11 ,25,46-7,52-3, 
58-9,64-5 

DISPLAY 
Board, 34 
Table , 34 

DRAVSRS, 69-71 

EDUCATIONAL REQUIREMENTS, 2,5,6, 

7-12 ,24-8 ,31 ,34 ,35-7 ,4o ,43 

ELECTRICITY 
Lighting, 19 

Power, 24,25 .46-7,52-3,58-9,64-5, 
Tar to III 

ENV'J'ROHMERT , 12,1 3-23 

EQUIPffflNT, 69-67 
Lists, 73-67 

Preservation & protection, 70 
Storage, 32-3,41-2,69-70 
Usage, 69-70 

EXPERIMENTAL WORK , 1,5,6 ,8-9 ,25 ,26 , 
28,46-T,Ftf?..P 

FACILITIES see SERVICES 




FILMS, 1 

Equipment for, 82-3 
Mobile cart, used for, 3T 

FORNiTUHE, 5 

Arrangements , 26 ,U6-7 , 52~3 ,58-9 , ' 
6i»-5 

Movable , 1 ,25 . 

Sizes, 5,13-18,28-37 
cart, 3T, Pig *21 
Wooden , 1 

see also DMONSTPATION TABIi:, 
W0HK-TA3i;SS 

G/JIGWAYS see PASSAGE-WAYS 

4 

GROUP WORK, l,27,i*2. Fig. 8 

KEAT, 24,25,31 
Protection against 
Coi'rosion, 70 
see also SOLAR HEAT 

ILLUMINATI ON see LIGHTING 

LABORATORIES, 8,39-68 
Dimensions , 4l ,42 ,44-67 
Lit from both sides, 44-9,62-7 
Lit from one side, 50-61 
Shape, 4l 

UY0UT3 

20-place laboratory, 56-67 
40-place laboratory, 44-55 
Flexibility, 12,4o 
Key to layouts, 43 
Problems, 39-40 

LECTURES, 9 , 25-6 
Accommodation, 5 

IIGHT.XNG, 18-21,39,41 
Daylighting , 1 9-20 ,44-5 ,49 ,50-67 
Electric lighting, 19 
Minimum requirements, 19 
Tabu n 

MOBILE CART, 37, Fig. 22 

MOBILL: FURNITURE, 1,25,26,27-30,37 



MOVABLE FURNITURE 
see FURNITURE 
Movable 

MOBILE FURNITURE 
WORK TABLES 
Movable 

ORIENTATION of buildings, 21-2 

PASSAGE-WAYS, I 8 

PHYSICS 

Syllabus see SYLLABUS 
Teaching, 7-12,25 

PLACES see CLASSES 

PREPARATION ROOM, 40 
Areas, 42 

PROJECTS see STUDENT PROJECTS 

RlPPIiil TANKS, 24,46-7,52-3,58-9,64-5 

RURAL SCHOOLS, 39 

SCHOOLCHILDREN 

Ages 

Second-level, 1 
Sizes, 13 - 1 4 

SEATS 
Area, 15 
Height, 15 

In relation to working surface, 15 
SERVICES, 24-5 
SHELVP;S 

Books and periodicals, 35,Ft^. 
Equipment storage, 70-1 

SITTING, 15 - 16 , Fig, 2 

SOLAR HEAT, 21-2 
Resistant materials, 22 

SPACES, 4 1-2 
Class size, 4o 
Furniture spacing, 13-18 
National standards, 4 1-2 
Per pupil place, 4 1-2 
Relationships, 4o 



STANDAI^G * 

Accoinjnodatipn 
Laboratories 
per place, 
spaces , UO 

STAJmina, Pig. 2 

Height of working surf ace, H 
and B eac hi ng , 1 C - 1 Y 



STORAGE , 1 6 - 1 T , 32?-3 , ^2 , |;6 , d9~T ^ 
Bags and books, 3H , 4 h~S 



Fixed work-tables 3« ' , . I •*> 

Location, 39, 50“^'^ 

Provision for expansion, 68 



Gtore-roora nee STORE ROOM 

Under-bench, 32 

V/all cupboards, 32, ^'-^“•5,50-7 



STOPJi; R00J4, 32-3 
Access hatch, 33, ^^“*5 » ^ig»lB 
Dimensions, h}-*?. 

STUDENT PROJIiCTS, 10-11 

Work tables, 33,H4-5, Fia.27 



SYLLABUS, 1 



TABLES 

DEMONSTRATION TABLE 
WORK-TABLES 



TI5ACnER*S ROOM, kO 
Aremi , h2 

TFACHTHG methods 

Demonstration method r,ee 
DEMOi'ISTimTIONS 
Experimental method see 

expep.imI‘:ntal work 

FTirnitare arrangements , 
46 - 7 , 52 - 3 , 56 - 9 , 64-5 
Put) i 1 -c e nt r i c , 1,5,6 
Teacher-centric , 1 ,5 ,6 

ITiFHMAL COMFORT, 21-3 
Cold areas, 21-3,50-61 
Dry zone, 21-3,50-61 
Humid zone, 21-3,^4-49 

VSKTILATIOxN , 22-3 ,39 ,62 ,T0 ^Fig. 7 

WATER 

Non-piped, 31 
Running, 24,25 
Sinks, 31 

WffiELED CART see MOBILE CART 



WORK-TABLES 

Demonstration see DMONSTRATION 
TABI13 

Depth, 14,31 
Fixed, 31,44-5 
Height, 14,28 
Length, 15,28 

Movable , 26 ,27^30 ,44,4? ,49 ,53 ,55 
59,61,65,67 

Prototype, 30 Plates 242 
Student projects, 33, Fig. 17 



